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RESPLITTING SPLIT-THICKNESS GRAFTS 
WITH THE DERMATOME 

A METHOD FOR INCREASING THE YIELD OF LIMITED DONOR SITES 

Harold A Z intel, M D 

Philadelphia, Pa 

FROM THE HOSPITAL OF THE UNIVERSITY OF PENNS! LVANIA AND THE HARRISON DEPARTMENT OF 
SURGI'AL RESFARCH SCHOOLS OF MEDICINE UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA 

The management of a laige skin defect is often a difficult problem 
because of a limited amount of available donor skin Methods heretofoie 
used to covei large skin defects, namely, pinch grafts and postage stamp 
grafts, are not entnely satisfactoiy because of relatively poor cosmetic 
results and because of the additional time lequired for epithehzation between 
the grafted aieas Split-thickness giafts produce a good cosmetic effect 
but the aiea that can be covered is limited by the available donor skm area 
It is impoitant that large skm defects be covered as rapidly and as 
completely as possible It is known that patients with extensive burns lose 
large amounts of nitiogen In Hirshfeld’s 1 studies upon burned patients he 
found that even though the patients weie encouiaged to eat a high protein, 
high carbohydiate diet, they only ingested about 6o per cent of their protein 
requirements Taylor and his associates, 2 have demonstrated the large 
amounts of piotem lequned to keep severely burned patients m nitrogen 
balance The nitiogen loss is so gieat that malnutrition is now regaided 
as one of the causes of death m seveiely burned patients This nitrogen 
loss, or protein destruction, appaiently disappeais as soon as the burned 
areas are epithelized Eaily complete grafting of large skill defects will 
undoubtedly i educe morbidity and moitality 

In a limited number of cases the “split-split” graft, which would enable 
one to cover a large skm defect with a lelatively small amount of donor 
skm and which gives a satisfactory cosmetic lesult has been quite successful 
The principle of the method is simply the splitting of a Padgett 3 skm 
graft into layeis The donor skin is cut as thick as possible without inter- 
fering with the regeneration of the epithelium of the donor area In adults 
this depth ranges from o 020 to o 028 of an inch In the case of children, 
and when the abdomen or medial surface of the thigh is used 111 women, the 
depth of the giaft is limited to between 0012 and 0018 of an inch 3 When 
the graft has been cut and the skin is still adherent to the dermatome drum, 
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the knife blade is adjusted to one-half the original distance from the dium 
Rolling or separation of the leading edge of the skm from the dermatome is 
prevented by passing over the first quarter of an inch of skm before adjusting 
the knife blade to the proper distance for 1 esphttmg the skm By repeating the 
cutting process the graft may be split into two layeis One must be suie 
that the knife edge is flat and that it is exactly paiallel to the surface of 
the drum, otherwise the knife will tend to pull the skm away from the surface 
of the drum At times it is possible to cut a Padgett graft into three layers 



Fig i — S kin o 016 inch thick still adherent to the Padgett dermatome is being split into two lajers 

each o 008 inch thick 


Thus, the skin fiom a given donor area can be used to cover an area 200 
to 300 per cent as large The individual “split-split” giafts may vary m 
thickness from o 006 to o 0x2 inches 


Fig 2 — A Grafts applied to the leg of burned child The graft in the region of the thigh is the 
outer thickness of a split split ’ graft o 008 inch thick On the popliteal region is an ordinary Padgett 
grift o 016 inch thick The region of the calf is covered with the inner thickness of a ‘ split split” 
thickness graft o 008 inch thick 

B All three areas of grafts hare taken 100 per cent on the tenth postoperative da\ The raw 
area 111 the region of the calf is the result of too earl} removal of the paraffin gauze When the 
paraffin gauze was removed a thin la>er of epithelium was removed with the gauze The deeper 
epithelial elements are clearl} seen 

C Appearance of grafts four weeks later All areas have been completely epithelized Raw areas 
seen in the region of the ordinar} Padgett graft as well as in the regions of the ‘ split split ’ grafts 
arc the result of secondarv infection These raw areas were at one time epithelized as can be seen m b’ 


T'g 3— A Split split grafts maj also be used as postage stamp grafts The postage stamp 
grafts from the inner laver of the split split grafts have been applied over the right half of the 
ulcer as it appears in the photograph and outer laver of the ‘split split ’ „rafts over the left half of 
the ulcer of the buttock 


B Appearance of the same grafts fne da>s later 
C Complete healing three weeks later 


Fig 4 — T\pical split split ’ donor area three weeks after cutting of the graft 
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The take of the innei layer of a “spht-split”-thickness graft pioduces a 
lesult which is quite similar to the healing Padgett donor area During the 
hist ten or twelve days both of these areas are covered with a thin sheet 
of epithelial cells This delicate epithelial layer is easily injured by frequent 
diessmgs We have learned to diess the donor aiea with paraffin gauze 
and leave the innermost layers of the dressings in place, hteially, until they 
fall off, nhich is usually at the end of two weeks The “split-split” grafts 
like the donor aieas are covered with two layeis of paiaffin gauze A piessuie 
dressing of oidinaiy gauze is then applied over the paiaffin gauze The 
grafted aiea is not touched until the tenth postoperative day At this tune 
the outer dressings aie lemoved If the grafts are not infected the paiaffin 
gauze is not removed for fear of mjuiing the delicate new epithelial layer 
The paraffin gauze may be removed without danger of injuring the new 
epithelium aftei the fifteenth to sixteenth postoperative day 

“Split-split” grafts have been employed on six patients In one of these 
patients, the result was classed as a failure, although parts of the giafts did 
take In this same patient a subsequent simple Padgett graft was equally 
unsuccessful In the remaining five cases go to ioo per cent of the grafts 
remained viable The outer layers and the inner skin layers took equally 
well The period lequired for the inner layer to become completely healed 
is slightly moie prolonged than that required for the outer layer of the skin 
This is due, probably, to the fact that the outer layei of skm is completely 
keratinized at the tune of the application of the giaft, wheieas the inner layer 
is not 

Some operators have failed to obtain satisfactory results with the Padgett 
dermatome Since we have adopted a rigid technic for prepaung the skm 
and the dermatome drum, we have not failed to obtain complete grafts Two 
factors seem important The first is a clean, fat- and moistuie-fjee skm 
surface The second is the time factor which is necessaiy to allow the 
dermatome (rubber) cement to set before the actual cutting is attempted 

In preparation of the donor skm the area must be closely shaved 
(preferably with a straight razor) and then be washed with soap and .thor- 
oughly rinsed with water either in the patient’s room or in the opeiatmg 
loom In the operating room the area is treated with alcohol followed by 
several liberal applications of ether Special skm preparations and prepaia- 
tions containing dyes or bichloride of mercuiy have been carefully avoided 
for fear that they might leave a thin film or precipitate on the skm which 
would mterfeie with the efficiency of the dermatome cement Each appli- 
cation of alcohol and ethei is combined with vigorous scrubbing of the skm 
with a gauze sponge on a sponge stick The ether assures one of the adequate 
removal of all fatty material It may also act locally to cool the skm so as 
to inhibit excretion of the sweat glands temporarily Perspiration may lift 
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the cement away from the skm surface sufficiently to prevent the adherence 
of the skm to the dermatome drum 

The cement must be allowed to set or partially dry before the actual 
cutting is attempted “Haste makes waste” were never truer words than m 
the cutting of Padgett grafts Five to ten minutes are allowed for the setting 
or partial drying of the cement The deimatome drum may even be painted 
before the patient is anesthetized 

Another possible cause of failuie of adherence of the cement is the 
application of the cement to a recently autoclaved dermatome which is still 
warm The heat of the drum wall cause the rubber solvent to boil and foim 
bubbles in the cement If bubbles form in waim weather the drum should 
be cleansed with ethei and then two very thin layers of cement should be 
applied Caie should be taken that one layer of cement is quite dry before 
another is applied The cement-covered skin and dium should not be 
touched for fear of removing some of the cement 

When the layeis of cement have dned sufficiently the leading edge of 
the drum is fiimly applied to skin for at least one minute by the clock 
The drum must not be twisted or locked upon the skm lest some of the 
cement become detached from the skm or drum The cutting should be 
done slowly, in order to provide ample time for the skm to become 
firmly adherent to the rolling drum suiface Short even strokes of the 
knife blade aie used to cut the skm Wide excursions of the cutting 
knife tend to separate the skm fiom the dium If the foiegoing lules are 
obseived a complete drum of skm can be easily lemoved 


SUMMARY 

1 A method of splitting oidmary Padgett split-thickness skm grafts is 
described 

2 Certain details of the technic for the use of the dermatome are piesented 
W'luch enable us, consistently, to obtain a full drum of skm 

3 By using “spht-spht”-thickness grafts areas which are 200 per cent 
to 300 per cent larger than the donor area, can be epithehzed 

4 The inner layer of a “split-split”-thickness graft becomes completely 
epithehzed m about the same penod of tune lequned for epithehzation of the 
Padgett donor area 

5 In file of six patients go to ioo per cent of the “spht-spht”-thickness 
grafts remained viable One case in which an ordinary Padgett split- 

' thickness graft was unsuccessful, “split-split’ thickness grafts w^ere also 
unsuccessful 
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COMPARATIVE STUDIES OF CANCEROUS 
VERSUS NONCANCEROUS BREASTS 

jFrank W Foote, M D , and Fred W Stewart, M D 
New York, N Y 

TROM TUT DIVISION OV LABORATORIES AND RESEARCH NEW YORK STATE DEPARTMENT OF HEALTH AND 
PVTHCLOGV LABORATORIES MEMORIAL HOSPITU FOR CANCrR AND ALLIED DISEASFS NEW \ORK N Y 

I BASIC MORPHOLOGIC CHARACTERISTICS 

The present study represents an effort to determine whether funda- 
mental structuial diffeiences exist in the breast tissue of women who do have 
mammai y cancer and those who do not have this disease In other words, 
the main objective has been to ascertain if there is any characteristic “soil” 
in which mammary caicinoma is apt to develop Another interest has been 
to search for abnormalities m these breasts that could be referred to certain 
hormonal influences, and finally an attempt has been made to evaluate the 
relationship between so-called chionic cystic mastitis and mammary cancer 
The investigation was not begun with any preconcened point of view con- 
cerning these problems, and it has been constantly borne in mind that little 
positive information might be secured A study of this sort necessarily enters 
into debatable matters about which a vast literature has accumulated Due 
to the large volume of such literature, reference can be made only to specific 
papers which seem most pertinent to the findings under discussion 

The material for comparative gross and microscopic analysis was secured 
during 1940 from operations performed on the Breast Service at the Memorial 
Hospital It consisted of 300 cancer-containing breasts from radical mas- 
tectomies and 200 specimens of noncancerous breast tissue from partial 
mastectomies or very occasional simple mastectomies The material was 
sectioned specifically for this planned study, and in every case both normal 
and abnormal appearing tissues were embedded No selection of cases was 
made with the following exceptions No irradiated breast was included A few 
cases were excluded in which theie was total or near total replacement 
of the breast tissue by carcinoma In the cases of local excision, it was 
required that the mass of breast tissue be large enough to furnish satisfactory 
representative sections Thus, it was necessary to exclude a small number 
of assorted noncancerous lesions excised with a margin too small for our 
purposes Finally, no case was included in which the operation was under- 
taken foi pyogenic or specific infection of the breast 

We recognize the disadvantage of comparing the findings in complete 
mastectomies with findings in partial mastectomies This disproportion in 
tissue mass, how ever, is largely compensated for, since in doing a local excision, 
the surgeon may be expected to select the most obviously abnormal portion of 
the breast and is careful to remove a margin of less involved or uninvolved tis- 
sue So if a gross abnormality is present it appears likely that it will be re- 
mo\ed In order to balance microscopic findings as much as possible, compar- 
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able amounts of gi ossly unaltei ed tissue wei e embedded m both the cancer and 
the noncancel cases The total mass of tissue embedded in the two gioups 
of cases has been equal m amount exclusive of the cancel itself 

In this suive\ the following plan of analysis was employed Each case 
was tabulated foi the piesence or absence of specific lesions, so that com- 
posite peicentage figuies foi each of the tw r o types of cases w^eie secured 
The tv r o geneial gioups w r ere then subtabulated, decade by decade, to enable 
piopei comparison, since the influence of age m the frequency of ceitam 
lesions is so gieat that this must be insisted upon m mteipretmg lesults For 
closei analysis of ceitam specific lesions, it w>as then consideied necessaiy 
to tabulate othei lesions that occui 1 ed m unison with the particular one undei 
examination B} ? this method it is possible to leain the sort of histologic 
envuonment m which a given lesion is apt to be found and it peimits one to 
detect trends m occui lence that indicate tundamental mtei relationships, 01 
their lack By no means do the figures given for the incidence of certain 
lesions imply that they represent absolute values The frequency of micro- 
scopic lesions can always be elevated somew'hat by embedding innumerable 
blocks Teimmology m bieast lesions is by no means standaidized Where 
commonly emplo)ed terms aie used, effoit has been made to define pur own 
usage of these, and where unaccustomed ones are used, special effort has 
been made to describe the lesions in full 

The average age of the 300 cancer cases w ; as 49 5 yeais, that of the 200 
noncancer cases 39 yeais The distribution by decades is shown below 


Table I 


Decade 

Cancer Cases 

Noncancer Cases 

10-20 


4 

20-30 

3 

30 

30-40 

54 

68 

40-50 

104 

78 

50-60 

66 

16* 

60-70 

60 

3 

70 + 

13 

1 

Total 

300 

200 


^ In tabular anah ses that appear in succeeding sections comparatn e histologic 
findings are gi\en for the third fourth, and fifth decades Since the series of 200 
noncancerous breasts contained only 16 cases in the fifth decade 24 consecutne 
noncancerous breasts were added to this group, so that obser\ ations are based on 
the more significant number of 40 cases 


Subjects to be discussed will appear m the following older 

I Factor of atrophj 
II Cysts 

III Duct papillomatosis 

IV Blunt duct adenosis 
V Apocrine epithelium 

VI Sclerosing adenosis 
VII Periductal mastitis 
VIII The mammary lobules 

IX Relation of so called chrome cystic mastitis to mammary cancer 
X Histologic findings m breasts after administration of estrogenic substance 
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I — FACTOR OF ATROPHY 

Inasmuch, as mammaij cancel occurs most frequently in breasts that 
are beginning to undeigo atrophy, or aie aheady m vaiying degrees of this 
state, can any differences in this process be found m cancerous as opposed 
to noncancerous bi easts ? The principal feature in atrophy of the mammary 
gland is reduction of its parenchyma to an extent that is much more complete 
than in most organs Atiophy begins at the lobular terminations of the duct 
system and proceeds toward the nipple so that the end-result is near, or total, 
loss of lobules and more or less diminution of the terminal and small ducts 
Extieme variations in the degiee of atiophy can be seen in individuals of 
the same age-group, and occasionally breasts are seen that maintain the 
integrity of their lobules for surprisingly long periods beyond the menopause 
As an illustration, we have recently studied sections from a surgical excision 
done thiee years after the menopause In this case the lobules were not only 
very numerous but they possessed abundant acini, and, here, mitoses were 
found in suipnsmgly large numbers In the absence of various quantitative 
and qualitative metabolic determinations, no explanation attempted could 
be supported The patient had a strong family histoiy of mammary cancer 
In atrophy of the breast other changes, such as loss of periductal myoid, 
duct dilatation, fatty replacement of fibrous stroma, and subsidence of certain 
pi ohferative and cystic lesions, accompany the decreasing number of 
mammary lobules 

An estimate of the number or frequency of the mammary lobules is the 
most convenient index for estimating atiophy No veiy exact method of 
estimating the numbei of lobules seems requned, nor is it reasonably possible, 
and we have meiely listed cases as having “numerous,” “average” or “few” 
lobules Table II shows the fiequency of lobules in the cancer and noncancer 
cases as sepaiate whole groups and also shows a comparison by decades 



Tabu: II 

Number of Lobules 



Numerous 

Average 

Few 

200 noncancer cases 

13% 

61% 

25% 

300 cancer cases 

8% 

36% 

56% 

Noncancer cases age 30-40 

10% 

60% 

3b % 

Cancer cases age 30-40 

10% 

51% 

39% 

Noncancer cases age 40-50 

12% 

55% 

33% 

Cancer cases age 40-50 

10% 

57% 

33% 

Noncancer cases age 50-60 

3% 

25% 

72% 

Cancer cases age 50-60 

3% 

27% 

70% 


The only significant discrepancy shown is in the lobule frequency of the 
two types of cases when compared as whole groups This is at once referable 
to the gi eater a\erage age of the cancer-containing breasts, since, in equivalent 
decades, there is close umfoimity It appears justifiable to state the obvious 
conclusion that mammary lobules are not more or less numerous in cancerous 
than noncancerous breasts in the same age-group 

It maj be mquiied if an} of the common pi ohferative lesions of the breast 
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tend to peisist in cancel ous bi easts and disappeai fiom noncanceious bi easts, 
piesumably supplying a possible souice foi the development of cancel This 
is given a negative answei in othei sections of this papei wdieie these lesions 
, aie shown to legless shaiply m the 50- to 60-yeai decade 

The question of the 1 elation of mammaiy atiophy to mammary caicmoma 
is of veiy consideiahle speculative mteiest It is of interest fiom at least two 
viewpoints Ceitam it is that atiophy is a piecuisor of cancel ization m certain 
tissues, although causal lelationslnp of such atiophy to cancel is not clear 
Oui obseivations as legal ds mammaiy atiophy fail to indicate that such 
atiophy is significantly moie fiequent in the cancel ous bieast when com- 
paied to the noncanceious hi east of similai age The second point of interest 
concerns the question of hoimone etiology ot mammary cancel Where those 
hoimones which piesumably aie concerned with mammary lobule giowth 01 
peisistence concerned 111 a majoi way with mammaiy cancel development, one 
might at least expect some dififeience 111 lobulai status in the cancerous versus 
the noncancel ous hi east , that is, one might anticipate the finding of greater 
lobule abnoimahty outside the actual cancel ous area m the cancel ous breast 
than m the “normal” foi the age-gioup This mattei will be discussed m 
some detail 111 a latei section pei taming specifically to lobule stiuctural patterns 

11 — CYSTS 

Included 111 these tabulations aie only those cysts visible to the naked eye, 
and, hence, those cysts measuimg fiom about one milhmetei upwards m 
diametei aie repiesented It is oui belief that if one repoits on microscopic 
cysts, serial sections aie lequired to piove complete isolation and loss of 
communication with adjacent ducts or lobules If micioscopic lesions that 
appear cystic are included, it is inevitable to confuse, m some measure, blunt 
end ducts, dilated ducts 01 distended lobule components No lesion was 
included as a cyst unless it w^as an isolated structuie distended with fluid 
and totally separate from duct and lobule system The figures will not 
separate cases with sohtaiy cysts from those with multiple ones, since m 
both types of matenal the sohtaiy cysts, whethei large 01 small, were so 
few as to be insignificant 

In the 200 noncanceious bi easts, cysts as qualified m the preceding state- 
ments v f ere found m 106, 01 53 per cent Of the 300 cancer bi easts, 82, or 
27 pel cent, contained cysts The aveiage age of the benign cases with cysts 
was 41 1 yeais and m the cancer cases with cyst, the aveiage age was 484 
yeais When the occuirence of cysts is studied by decades, the following is 
seen (Table III) 


Table III 

Comparative Frequency of Cjsts m 


Decade 

Noncancerous Cases 

Cancer Cases 

30-40 

52% 

34% 

40-50 

65% 

18% 

50-60 

30% 

25% 


Accordingly, it is obvious enough that cysts aie distinctly more chaiac- 
tenstic of noncanceious than cancerous breasts Indeed, in the decade 40-50, 
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which is the most common ten-year period for the appeal ance of mammary 
cancel, they are less than one-thud as frequent in cancer-bearing breasts 
as in breasts fiee from cancer Cysts, like many other lesions of the breast, 
may appear at a 1 datively early age, but are often transient structures and 
they become decreasmgly numerous as old age is reached Observations 
extended beyond the age of 60 (in material additional to that studied here) 
show that between 60-70 years of age, the incidence of cysts in both cancerous 
and noncancerous breasts falls sharply Statistically, cysts seem to play a 
negative role in mammary cancer The lowei incidence of cysts in cancer- 
bearing breasts cannot be explained by the supposition that the cysts are 
replaced by the cancers, for morphologic evidence is directly opposed In 
tracing the genesis of mammary cancer, one finds true mtracystic carcinoma 
to be one of the rarest morphologic types Terminology in breast pathology 
is so loose that the term “mtracystic” is often employed when the proper 
designation is “intraductal ” This common practice has led to much con- 
fusion as to the frequency of mtracystic cancers as well as mtracystic 
papillomas If one studies the walls of cysts he finds with extreme rarity 
any evidence of atypical or other epithelial proliferation It is actually much 
more common to find no epithelial lining at all In the 300 cases of mammary 
cancer undei consideration heie, only two could be shown convincingly to 
have arisen m a cyst 

The question may be raised as to what othei lesions are apt to be found 
m breasts that contain cysts and if the same lesions appear regardless of 
whethei the bieast is or is not cancer-containing For making these deter- 
minations, all of the cyst-bearing breasts were tabulated for the presence or 
absence of 14 definite histologic characters In Table IV are also shown 
figures for the frequency of these lesions as they occurred in the entire group 
of 200 cases without cancer and the 300 cases with cancer 


Tablc IV 

Frequency of Various Lesions in 




106 Noncancer 

200 Consecu- 

82 Cancers 

300 Consecu- 



with Cysts 

tive Cancers 

with Cysts 

tive Cancers 

1 

Hyperplasia of duct epithelium 

52% 

39% 

80% 

57% 

2 

Duct papillomatosis 

42% 

29% 

50% 

36% 

3 

Intracj Stic papilloma 

2% 

2% 

1%. 

1% 

4 

Blunt duct adenosis 

40% 

26% 

40% 

26% 

5 

Apocrine epithelium 

67% 

42% 

57% 

39% 

6 

Sclerosing adenosis 






A Diffuse 

1% 

1 5% 

2% 

0 3% 


B r ocal 

18% 

11% 

13% 

7% 

T 

Tibro adenoma 

9% 

19% 

10% 

7% 

8 

Tendency to fibro adenoma 

5% 

3% 

8% 

6% 

9 

Stasis and distention of ducts 

41% 

36% 

62% 

42% 

10 

Duct metaplasia 

42% 

34% 

62% 

45% 

11 

Periductal mastitis 

23% 

22% 

20% 

14% 

12 

Tat necrosis 

1% 

2% 

2% 

1 3% 

13 

I obule frequency 






Numerous 

14% 

13% 

10% 

10% 


A\ erage 

62% 

61% 

41% 

35% 


I requent 

24% 

26% 

49% 

55% 

14 

Periductal m>oid atroph> 

31% 

27% 

56% 

42% 
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From Table IV a general summary may be drawn that no obvious 
qualitative divergence is detectable when comparing the noncancerous ele- 
ments of cancel -/containing breasts with breast tissue removed surgically from 
noncancel ous bi easts when the common denominator of each gioup is the 
presence of one 01 mote cysts True enough, there are certain quantitative 
difteiences of lessei degiee which aie substantially diluted when the factor 
of age is consideied Cysts may be regarded as relatively passive structures 
representing essentially the end-phase of a pathologic process Character- 
istically, they aie accompanied b) a gioup of what may be termed proliferative 
ptocesses somewhat more numeious than the prolifeiatne piocesses seen m 
a general average of breasts when these proliferative processes are enumerated 
with disregaid of the piesence of cysts 

It is of interest to compare the lesions in noncystic breasts with the findings 
just recorded foi cystic breasts of both benign and cancerous breasts 


Table V 


Frequencj of Various Lesions in 



106 Noncancer, 

94 Noncancer, 

82 Cancers, 

218 Cancers 


with Cysts 

without Cysts 

with Cysts 

without Cjs s 

1 Hjperplasia of duct epithelium 

52% 

23% 

80% 

48% 

2 Duct papillomatosis 

42% 

14% 

50% 

31% 

3 Intracj Stic papilloma 

2% 

2% 

1% 

1 5% 

4 Blunt duct adenosis 

40% 

9% 

40% 

20% 

5 Apocrine epithelium 

67% 

14% 

57% 

32% 

6 Sclerosing adenosis 

A Diffuse 

1% 

1% 

2% 

0% 

B Focal 

18% 

6% 

13% 

4% 

7 Fibro-adenoma 

9% 

30% 

10% 

6% 

8 Tendency to fibro-adenoma 

5% 

5% 

8% 

5% 

9 Stasis and distention of ducts 

41% 

28% 

62% 

34% 

10 Duct metaplasia 

42% 

25% 

62% 

39% 

11 Periductal mastitis 

23% 

19% 

20% 

12% 

12 Fat necrosis 

1% 

3% 

2% 

1% 

13 Lobule frequencr 

Numerous 

14% 

12% 

10% 

11% 

Average 

62% 

52% 

41% 

35% 

Frequent 

24% 

36% 

49% 

64% 

14 Periductal m\ oid atrophi 

31% 

22% 

55% 

36% 


Table V emphasizes m greater contrast than the preceding one the tendency 
of certain lesions to occur m cyst-contaming breasts iriespective of the presence 
of cancer These lesions include hyperplasia of duct epithelium, duct papil- 
lomatosis, blunt duct adenosis, apocrine epithelium and sclerosing adenosis 
All of these can be regarded as prohfeiative or hyperplastic m nat&re It 
should be noted that fibi o-adenoma fails to follcnv this tendency and m the 
benign group is actually reversed Fibro-adenoma must be regarded as a 
proliferative lesion, but it seems to be of a different order from other mam- 
mary proliferations Also to be noted is the greater frequency m cyst-con- 
taming breasts of lesions designated as “stasis and distention,” “duct meta- 
plasia,” “periductal myoid atrophy” and “penductal mastitis” That these 
a're secondary phenomena dependent upon piessure and obstructive factors 
will be explained m a section to follow' 
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III DUCT PAPILLOMATOSIS 

Under this designation are included all stalked papillary adenomas These 
are usually found in the large- 01 medium-sized ducts and are usually macro- 
scopic Also, included here are cases with paitial or complete epithelial 
plugging of the smaller stems of the duct system These lesions are often 
seen with no vascular stalk, and it is admitted that they are not papillary 
adenomas m the stuctest sense of the word They are, however, papillary m 
a modified sense and of distinctly greater magnitude than lesions spoken of 
here as simple hyperplasia of duct epithelium In a laige pait they are micro- 
scopic and almost invariably multiple They are present in many more cases 
than are the macroscopic stalked papillomas, but m neaily every case where 
a stalked papilloma is present these lesions can be found m some other portion 
of the breast tissue No umvei sally accepted standard exists for the lower 
level of epithelial hyperplasia where one ceases to use the term papillomatosis, 
and any division must be more or less arbitral y Undoubtedly, writers on 
breast pathology do not uniformly conform m teinnnology It is our belief, 
that m the material here, a relatively strict interpretation is made, and that 
in many other hands the figures for the papillary lesions might be con- 
siderably higher In any event, the same level of inclusion or exclusion 
is adhered to when enumerating these papillary lesions m the two types of 
material under examination here The stress is always to compare the same 
kinds of lesions Emphasis is again made that in this section we are consider- 
ing papillary lesions that are intraductal m location, and the statement is 
lepeated that true “mtracystic papillomas” are of very uncommon occurrence 
It would be necessary to have several thousand consecutive cases of cancerous 
and noncancerous breasts to yield a sufficiently laige number of tiue mtracystic 
papillomas before adequate comparisons could be made 

In the series of 200 breasts without cancer, duct papillomatosis was found 
111 58, or 29 per cent I11 the 300 breasts containing cancer, this finding was 
made in 108, or 36 per cent It should be noted that the figures quoted would 
be appreciably elevated if papillary hyperplasias of pink-staining apocrine 
epithelium were included Foci of apocrine epithelium are sometimes found 
m a papilloma, to be sure, but no case was included in which the papillary 
element was solely apocrine The mammary apocrine element is discussed in a 
separate section Although repetitive, the statement is emphasized that the 
lesions t recorded here as constituting papilloma or papillomatosis are not 
minimal in nature, and would ceitamly be regarded by any reasonable observer 
as meriting the dignity of the term 

The occurrence of papillomas by decades in recorded 111 Table VI 


Decade 

30-40 

40-50 

50-60 


Table VI 

Frequency of Duct Papillomatosis in 
Noncancerous Cases Cancer Cases 
18 % 24 % 

40 % 40 % 

23 % 28 % 
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Table VI indicates no very gieat difference in the frequency of duct 
papillomatosis m the two types of material under analysis when equivalent 
age-groups are considered The somewhat higher figure, 36 per cent for 
duct papillomatosis 111 the entire series of 300 cancerous breasts against the 
figure 29 per cent for 200 noncancerous breasts is, likewise, not of sufficient 
degree to indicate more than a trend 

If no impressive difference m frequency, then, is theie a difference in the 
kind of papillomatosis ? This may be ascertained from the following com- 
parisons 

1 Are macroscopic papillomas more common to one group than the other ? 
Analysis shows that of the 58 benign breasts with papillomas, 14, or 26 per 
cent, were gi eater than 1 mm m diameter Of these 14 cases of macroscopic 
papillomas, six showed additional foci of micioscopic papillomatosis Of the 
108 cancerous bi easts w’lth papillomas only eight, or 7 per cent, w^ere macro- 
scopic, and m each of these eight cases additional foci of microscopic papil- 
lomatosis were found These findings are not startling, and can be sum- 
marized by stating that macroscopic papillomas are more characteristic of 
benign than cancel ous bi easts, and that “solitary” macioscopic papillomas 
are decidedly accented m this group In passing, it can be said that the 
bulk of the macroscopic papillomas falls between the ages 50-60, but extremes 
below 30 and beyond 60 occur 

2 Is there a difference in the “degree” of the papillomatosis of cancerous 
and noncancerous breasts ? The term “degree” is used here to designate the 
multiplicity of the lesions and is qualified by the relative tferms marked, 
moderate and slight 

Table VII 

DEGREE OF PAPILLOMATOSIS 

Slight Moderate Marked 

Noncancer group (58) 31, or 53% 16 or 27% 11 or 20% 

Cancer group (108) 69 or 64% 27 or 25% 12 or 11% 


Again, nothing very impressive is seen in the comparative figuies The 
above grouping by “degree” does not take into special account the minute 
histology of the single cells 

3 Are the papillary lesions of one gioup more or less apt to be atypical, 
histologically, than m the other ? Th e term “atypical” heie indica tes a 
disturbance m cell uniformity and includes the usual traits such as altere d 
stam ability, variation m size and/or shape, and loss of pola rity All of these 
characters are subiect to much vanation ranging from trivial alterati on to a 
s tage where they merge imperceptibly with the histology of ca ncer When 
a case is called “atypical” it signifies that it is at l east of a certam~substantial 
level of atypism No eftoit is made to classify "beyond this aibitrary line 
In the 58 cases of papillomatosis from noncancerous breasts only five 
w r ere considered atypical while m the 108 cancer-containing breasts, the 
papillomatosis was considered atypical in 45 It is emphasized that the lesions 
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were not pait of a cancel The fai highei incidence of atypical papillomatosis 
in cancel ous bi easts is one of the few outstanding differences lecorded m 
this compaiative study It is a qualitative difference about five tunes more 
common in cancer-containing bi easts The conti ast is made more obvious 
by lecalling that ordeily papillomatosis is almost as common in one type 
of matenal as the other 

Table VIII shows the lesions that occui m unison with papillomatosis 
For pui poses of companson the table includes the absolute frequency of the 
same lesions as they occurred in the tv o gi oups as a whole 

Table. VIII 

LESIONS ACCOMPANMNG DUCT PAPILLOMATOSIS 



58 Noncancer 200 Consecutii e 108 Cancer 

300 Consecu- 


Cases ruth Duct 

Noncancer 

Cases mill 

t ii e Cancer 


Papillomatosis 

Cases 

Duct Papillomatosis Cases 

1 Hyperplasia of duct epithelium 

90% 

39% 

95% 

57% 

2 Intracj Stic papilloma 

4% 

2% 

1% 

1% 

3 Blunt duct adenosis 

62% 

26% 

49% 

26% 

4 Apocrine epithelium 

5 Sclerosing adenosis 

63% 

42% 

50% 

39% 

A Diffuse 

2% 

1 5% 

1% 

0 3% 

B Focal 

16% 

11% 

13% 

7% 

6 Fibro adenoma 

8% 

19% 

4% 

7% 

7 Tendency to fibro adenoma 

10% 

3% 

4% 

6% 

8 Cjsts 

74% 

53% 

32% 

27% 

9 Stasis and distension of ducts 

56% 

34% 

53% 

42% 

10 Duct metaplasia 

48% 

34% 

64% 

45% 

11 Periductal mastitis 

36% 

22% 

16% 

14% 

12 Fat necrosis 

13 Lobule frequenct 

0 

2% 

1% 

1 3% 

Numerous 

12% 

13% 

10% 

10% 

A\ erage 

62% 

61% 

40% 

35% 

Few 

26% 

26% 

50% 

55% 

14 Periductal myoid atrophj 

54% 

27% 

52% 

42% 


The peicentage differences aie nowheie gieat enough to show any funda- 
mental diffeience in the lesions that accompany papillomatosis in cancel ous 
as opposed to noncanceious bi easts — at least no difteience that is not mani- 
fest in these two gioups taken as a vhole It is of distinct intei est to note 
again the tendency of ceitain cystic and piohfeiative lesions to occur in 
unison — cysts, hypeiplasia of duct epithelium, duct papillomatosis, blunt duct 
adenosis, apocnne epithelium and sclerosing adenosis Each of these lesions 
has been, 01 will, be discussed from the point of view of what moiphologic 
pait they seem to play in mammaiy caicmogenesis Attention is called, 
again, to the failuie of fibio-adenoma, anothei piohfeiative lesion, to be found 
concomitantly with the othei lesions just mentioned, fuithei suggesting 
that fibi o-adenoma is a diftei ent pi ohferative manifestation In the section on 
cysts, factois influencing the frequency of penductal mastitis and associated 
lesions have been mentioned, and no fuithei comment will be made until this 
group is sepai ately dealt with 

A further means of compaiing the cancel ous and noncanceious senes is 
aftoided by tabulating the preceding gioup of 14 lesions as they occur in 
the absence of duct papillomatosis 
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Table IX 


COMPARATIVE FINDINGS IN 

BREASTS WITH AND 

WITHOUT DUCT 

PAPILLOMATOSIS 



58 Noncancer 

142 Noncancer 

108 Cancer 

192 Cancer 


Cases 

Cases 

Cases, 

Cases 


with Duct 

without Duct 

with Duct 

without Duct 


Papillomatosis 

Papillomatosis 

Papillomatosis Papillomatosis 

1 Hyperplasn of duct epithelium 

90% 

23% 

95% 

35% 

2 Intracystic papilloma 

4% 

1% 

1% 

1 5% 

3 Blunt duct adenosis 

62% 

14% 

49% 

13% 

4 Apocrine epithelium 

5 Sclerosing adenosis 

63% 

35% 

50% 

33% 

A Diffuse 

2% 

1% 

1% 

0 5% 

B Focal 

16% 

11% 

13% 

3% 

6 Fibro adenoma 

8% 

23% 

4% 

9% 

7 Tendency to fibro adenoma 

10 % 

3% 

4% 

7% 

8 C> sts 

74% 

44% 

32% 

25% 

9 Stasis and distention ot ducts 

56% 

27% 

53% 

36% 

10 Duct metaplasia 

48% 

28% 

64% 

34% 

1 1 Periductal mastitis 

36% 

17% 

16% 

13% 

12 Fat necrosis 

13 Lobule frequency 

0 

3% 

1% 

1 5% 

Numerous 

12% 

13% 

10 % 

10 % 

Average 

62% 

67% 

40% 

33% 

Few 

26% 

27% 

50% 

57% 

14 Periductal mj old atrophy 

54% 

17% 

52% 

36% 


In Table IX the same trends as formeily noted aie repeated in shaipei 
contrast Regardless of whethei bi easts do or do not contain a cancel, 
they tend to maintain similar stiucture when cross-examined on the basis 
of possessing a common histologic factor such as presence 01 absence of duct 
papillomatosis As the noncancerous piohfeiative lesions of cancel ous bi easts 
aie analyzed, it begins to be apparent that the pattern of the breast tissue 
is moie influenced by the presence 01 absence of these noncancei ous lesions 
than by the presence of the cancer itself 

The direct pait played by duct papillomatosis m the moiphogenesis of 
cancer of the bieast cannot be stated m very exact teims In conti ast to cysts 
and other common lesions, however, theie is ample evidence of a fai moie 
direct relationship In the 300 mammary caicmomas studied heie, theie 
were 45 examples of atypical papillaiy hyperplasia with vanous degiees of 
change bordering on the histology of cancel In ovei one-half of the 300 
cancers, theie was evidence of duct oiigm lepiesented by papillary 01 
stiatified mtiaductal foci of tumoi In the lemamder of these mammary 
carcinomas the duct origin could not be satisfactory tiaced, but by far 
the gieatest numbei had the histologic tiaits usually seen 111 mfiltiatmg duct 
carcinoma In a small number of cases, lobule oiigm was appaient (about 
one m 25), and m still another small gioup simultaneous duct and lobule 
participation seemed present The traceability of mammary cancer to any 
stiucture but the mammaiy ducts is uncommon, so that any theoiy of cai- 
cmogenesis in the human female breast must necessanly concern itself 
principally with lesions of the duct system The commonest abnoimality of 
the duct epithelium is papillaiy 01 neai -papillaiy hypeiplasia, and eveiy con- 
ceivable tiansition can be noted to in situ or mfiltiatmg cancer Since the 
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usual mammai y caicinoma is fully developed and advanced when it comes 
under observation no one can say what peicentage of these cancers develops 
on a basis of papillomatosis, but it can be said that this basis does exist 
for some of the cases, and it is raie to find any early duct cancer of the 
breast in the absence of atypical papillomatosis 

The fact previously noted that atypical papillomatosis is seldom seen in 
noncancel ous breasts is the only impressive difference shown so far The 
actual number of papillaiy lesions that eventually become mammary cancers 
must necessanly be a very minute fraction, and we know of no way at 
the present to prognosticate the probable course of any given histologic type 
It is certain that most of these lesions disappeai from the breast, and in the 
material studied heie theie are many examples of the retrograde phases of 
these lesions, namely, vaiying degrees of abortive fibiosis with gradual 
obliteration of epithelial component Now and then, however, one will find 
an area of papillomatosis in which the hyalinosis is appaiently interrupted by 
a new surge of epithelial hypeiplasia which may or may not show histologic 
atypism This obseivation prompted the query as to whether or not a 
charactenstic of cancel ous bi easts was peisistence of papillaiy lesions This 
is answered m the negative by noting that both noncancerous and cancerous 
breasts between ages 40-50 have papillaiy lesions m the same frequency — 
40 per cent, and the conesponding figuies for the ages 50-60 are 23 per cent 
for noncancerous and 28 per cent foi cancel ous bi easts In the noncancer 
group the 58 cases of papilloma included five that were histologically atypical 
This numbei is entirely too few to asceitain if age influences atypicalness, 
and no conclusion can lie diawn from then occurrence at ages 48, 43, 55, 41 
and 46 In the cancel cases with atypical papillomatosis, the age curve is 
practically identical with the age curve of the cancer cases with nonatypical 
papillomatosis, and m addition the same age curve is followed by the non- 
atypical papillomatosis of the noncancer series of cases 

To illustrate tiansitions from oideily duct papillomatosis to mammary 
carcinoma is not difficult if samples aie selected from several cases, but 
the entire gamut of alteration occurs only in the exceptional single case 
Such a case with step-hke histologic sequences is shown in Figures 1 
through 8 


IV — BLUNT DUCT ADENOSIS 

Blunt duct adenosis is a term we have used to designate one of the 
common proliferative lesions of the breast Although it is undesirable to 
invent new teims, neveitheless, this designation expi esses the principal 
chaiacteristic of these structures, namely, that they are ducts which end 
abruptly and do not terminate in lobules The origin, course and termination 
of these blunt end ducts can be tiaced easily in senal sections It was after 
this sort of study that it became obvious that one cannot lely upon a single 
microscopic section 111 deciding whether a given structuie is a minute cyst 
or not, hence the limiting of tabulation of cysts in this paper to cysts of 
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condensation of extraductal elastica The initial branch of a blunt end 
duct may not divide, but oidmarily one and often many subdivisions are 
encountered in serial sections They aie apt to end m a cluster of closely 
but irregulaily spaced blind channels but with no resemblance to usual lobule 
formation It is to be noted that these stiuctures have long since lost their 

Fig 3 



Fig 4 

Tig 3 — Less orderly papillary and partly solid hyperplasia Not \ascularized 
Tig 4 — Nonvascular stratification and papillary piling up Cytology atypical 

myoid envelope, whereas in the mammal v lobules it is common for the 
terminal duct to letam its myoid layer until or even after it enters the 
lobule The blunt end ducts furthei more often have relatively wide lumma 
which aie actually wider by far than the mammary ducts fiom which they 
spiouted The epithelial lining of these ducts is by no means uniform and 
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is apt to vary from point to point m any given duct or its divisions Some- 
times there is a two-layered epithelial lining with a low or flat basal row 
and an outei iow that vanes fiom low to quite tall cylindrical Often the 
inner row of cells exti udes fiom its distal bolder a pink, homogeneous 
“cytoplasmic pi olongation” identical with vhat is often seen protruding from 

Fig s 




Fig 6 

Fig s — Intraductal papilloma cytologically rather uniform except at 
left lower corner Overall pattern atypical in spite of dominant maintenance 
of polarity 

Fig 6 — Distinctly more advanced alteration of same general pattern as 
Figure s Low grade intraductal papillary carcinoma 


the cells of normal mammary ducts In addition to the relatively orderly 
epithelial lining just mentioned all degiees of stratification continuing to 
papillomatosis appear, and are by no means uncommon It is not very unusual 
to find apocrine metaplasia of the epithelial lining of blunt end ducts Finally, 
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blunt end ducts may have a single low or flat row of epithelium The variable 
structure of blunt end ducts seems in all likelihood referable to whether the 
process is seen in an early or late phase The eaily lesions have relatively 
narrow lunnna with taller lining cells while the later lesions show broader 
lumina and shorter lining cells Mitoses are uncommon but far more apt 
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Fio 8 

Fig 7 — Papillary intraductal carcinoma 
Tig 8 — Fully developed intraductal and infiltrating carcinoma 

to occur in the earlier proliferative phases In a single breast, blunt end 
ducts of every phase may be found, as if the organ had responded to multiple 
periods of stimulation alternating with periods of quiescence The very 
late phases of great dilatation and flattening of epithelium practically never 
show any sign of proliferation The degree of blunt duct adenosis ranges 
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from an occasional focus to a level whei e almost all of a sevei al centimeter mass 
of breast tissue may be made up pnncipally of these structuies In such a 
marked case, tuo findings stand out Theie are practically no lobules, and 
small- ( i—2 Mm ) and medium- ( r cm ) sized cysts aie very numerous This 
supports the idea of an ongin of blunt end ducts from terminal ducts, with 
subsequent lobule obliteration as the dilatation progressively involves the 
preexisting lobules It furthei suggests that cyst fonnation may be an end- 
result of blunt duct adenosis Finally, the smallest cysts one sees invariably 
fail to have a circumfeiential layer of myoid 

In the 200 noncancerous breasts blunt duct adenosis was seen m 52, or 26 
per cent, and m the 300 cases of mammary cancer, the figures are 78, or 
26 per cent By decades the occurrence is as shown 111 Table X 


Decade 

30-40 

40-50 

50-60 


Table X 

OCCURRENCE OF BLUNT DUCT ADENOSIS 

Noncancer Cases 


36 % 
28 % 
20 % / 


Cancer Cases 
28 % 

45 % 

13 % 


The divergence in the frequency of blunt duct adenosis m the decade 
40-50 is the greatest shown A possible explanation for this is presented m 
the following It has been previously shown m the decade 40-50 that cysts 
occurred in 65 per cent of noncancerous breasts and in only 18 per cent 
of cancerous breasts It also seems, on the basis of preceding morphologic 
observation, that blunt duct adenosis is apt to eventuate in cyst formation 
Hence, one may suggest that for the decade 40-50 the tendency in the benign 
cases is toward cyst formation with partial obliteration of the structures from 
which they arose Consequently, there is a relative diminution of these 
antecedent structures in the age-period when cysts are most common Sim- 
ilarly, m the decade 40-50 the tendency 111 the cancer cases is away from 
cyst formation, and this results m a greater relative frequency of the ante- 
cedent structures 111 the age-period when cysts are relatively fewest It is, 
likewise, apparent that these blunt end ducts become less frequent with 
advancing age, hence sharing in the general tendency toward atrophy of 
the mammary system 

Table XI enumerates the lesions that accompany blunt duct adenosis 
As m preceding tables, the frequency of these lesions as they occur in the 
cancer and noncancer groups as a whole is represented 

Quantitative differences again are shown and particularly noticeable is 
the marked tendency for the previously designated cystic and proliferative 
lesions to occur simultaneously, namely, cysts, hyperplasia of duct epithelium, 
duct papillomatosis, blunt duct adenosis, apocrine epithelium and sclerosing 
adenosis Emphatically presented, again, is the failure of fibro-adenoma to 
be accented with this group No differential feature between cancerous 
and noncancerous breasts appears that is not explainable by the preliminary 
comparisons of these types of breasts in various age groups 
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Taw r XI 



, LLSIONS 

ACCOMPANY INC BLUNT 

DUCT ADI NOSIS 





52 Noncancer 


78 Cancer 




Cases with 

200 Consecu- 

Cases with 

300 Consecu- 



Blunt Duct 

tive Non- 

Blunt Duct 

tive 



Adenosis 

cancer Cases 

Adenosis 

Cancer Cases 

1 

Hyperplasia of duct epithelium 

77% 

39% 

84% 

57% 

2 

Duct papillomatosis 

60% 

29% 

61% 

36% 

3 

Intracystic papilloma 

Not charted 

2% 

Not charted 

1% 

4 

Apocrine epithelium 

63% 

42% 

53% 

39% 

5 

Sclerosing adenosis 






A Diffuse 

2% 

1 3% 

1% 

0 3% 


B Focal 

27% 

11% 

14% 

7% 

6 

Fibro adenoma 

14% 

19% 

6 5% 

7% 

7 

Tendency to fibro adenoma 

13% 

3% 

6 5% 

6% 

8 

Cysts 

87% 

53% 

44% 

27% 

y 

Stasis and distention of ducts 

40% 

36% 

53% 

42% 

10 

Duct metaplasia 

50% 

34% 

74% 

45% 

ii 

Periductal mastitis 

30% 

22% 

15% 

14% 

12 

Fat necrosis 

0 

2% 

0 

1 3% 

13 

Lobule frequency 






Numerous 

11% 

13% 

14% 

10% 


Average 

68% 

61% 

41% 

35% 


Few 

21% 

26% 

45% 

55% 

14 

Periductal myoid atrophy 

37% 

27% 

50% 

42% 


A further means of cioss-analysis is afforded by comparing the cancer 
and noncancel breasts that show blunt duct adenosis with those that do not 


Table XII 



COMPARATIVr HNDINGS IN 

BRTASTS WITH AND 

WITHOUT BLUNT 

DUCT ADENOSIS 



52 Nonoaneer 

148 Noncanccr 

78 Cancer 

222 Cancer 



Cases with 

Cases without 

Cases with 

Cases without 



Blunt Duct 

Blunt Duct 

Blunt Duct 

Blunt Duct 



Adenosis 

Adenosis 

Adenosis 

Adenosis 

1 

Hyperplasia of duct epithelium 

77% 

25% 

84% 

47% 

2 

Duct papillomatosis 

60% 

18% 

61% 

28% 

3 

Intracystic papilloma 

Not charted 


Not charted 


4 

Apocrine epithelium 

63% 

34% 

53% 

34% 

5 

Sclerosing adenosis 






A Diffuse 

2% 

1 5% 

1% 

0 5% 


B T ocal 

27% 

2% 

14% 

4% 

6 

Fibro adenoma 

14% 

21% 

6 5% 

9% 

7 

Tendency to fibro-adenoma 

13% 

2% 

6 5% 

5% 

8 

Cysts 

87% 

41% 

44% 

21% 

9 

Stasis and distention of ducts 

40% 

33% 

53% 

40% 

10 

Duct metaplasia 

50% 

30% 

74% _ 

36% 

11 

Periductal mastitis 

30% 

18% 

15% 

14% 

12 

Tat necrosis 

0 

3% 

0 

2% 

13 

Lobule frequency 






Numerous 

11% 

13% 

14% 

9% 


Average 

68% 

57% 

41% 

33% 


Few 

21% 

30% 

45% 

58% 

14 

Atrophy of periductal myoid 

37% l C 24% 

50% 

39% 


The same trends seen m Table XII aie repeated in sharper contrast 
with the accent still on the simultaneous occurrence of the lesions already 
designated 

Blunt duct adenosis cannot be associated with pregnancy or nursing, 
inasmuch, as these states were equally common in the cases with or without 
this lesion and, further, blunt duct adenosis is seen m individuals who have 
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likely to show atrophy of its penductal myoid layer and, since absence of 
myoid is a pnme chaiacteristic of blunt end ducts, theie are many occasions 
when one is uncertain whethei to call a papilloma-containing duct a permanent 
duct or a newly foimed blunt end duct We were able to trace cancer to 


Fig ii 


■ 


A So 




IS 


m 






J 










Fig iz 

Tig it — Papillomatosis in a group of blunt end ducts 
Fig 12 — Intermediate phase of blunt duct adenosis Subsidence of prolifer 
ative impulse, widening of lumina 

this souice with reasonable certainty in only four out of 300 cases, which is 
111 all probability a somewhat low figure Some of the principal structural 
traits of blunt duct adenosis are represented in Figures 9 through 13 

V APOCRINE EPITHELIUM 

This term refers to epithelium consisting of the very characteristic large, 
usually tall, cylindrical cells that have relatively small nuclei and abundant, 
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cleai, blight, eosinophilic cytoplasm Aggregates of this kind of epithelium 
can commonly he seen in the gioss as discrete yellowish-bi own, slightly ele- 
vated, glistening areas, usually 1-2 Mm in diametei but occasionally of much 
larger dimension The largei aggiegates ?ie almost invariably paitly cystic 

Fig 13 



Fig 14 

Fig 13— Late phase of blunt duct adenosis 
Fig 14 — Apocrine epithelium in papillarj form Cjtology not atrpical 
(Figures 14 through 17 were taken from a single breast) 


and/or adenomatoid Microscopically, in single sections, apocrine epithelial 
islands may he seen as apparently isolated glandular or cystic structures or, 
less often, they are seen m direct continuity with a mammary duct that is 
lined elsewhere by conventional epithelium When examined in serial 
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sections, it is suipnsmg how often a connection with ducts or lobules is 
demonstiated, and it becomes evident that this is the usual structural relation- 
ship Complete isolation from the duct system is shown on occasion and 
w-hen this is true, cystic distention is the rule Papillary hyperplasia of 
slight or moderate degree is rather common appearing in about a third 
of apocrine epithelial foci of both cancerous and noncancerous breasts 

Some form of apocrine epithelium was seen in 42 per cent of breasts free 
from cancer, and in 39 per cent of breasts containing cancer Most of these 
findings are based on microscopic study and, hence are largel) chance observa- 
tions The frequency w r ould of course be greater if very numerous blocks 
were made, and w'e can only regard the figures given here as comparative 
and not absolute Table XIII shows the incidence by decades 

Table xiii 

OCCURRENCE OF APOCRINE EPITHFL1UM 

Xoncancer Cases Cancer Ca=es 
’3% 257c 

< 47% 44% 

40% 31% 


Decade 

30-40 

40-aO 

50-60 


Thus, no wide dnergence can be demonstrated between cancer and non- 
cancer cases It is worth noting, how e\ er, that these structures are most 
frequent during the decade 40-50, when the breast shows its highest le\ el 
of noncancerous proliferative lesions Without the series of noncancerous 
breasts as a control group, the common occurrence of this kind of epithelium 
m cancer cases might be interpreted as being important m mamman cancen- 
genesis, especially by those who claim that a high proportion of breast cancers 
are of sw r eat gland origin, which viewpoint we emphatically reject The same 
is equally true of other lesions but it is our desire to show that mere 
statistical association needs the support 01 demonstrable morphologic relation- 
ship before any gn en lesion can be ascribed a place of importance m the actual 
histogenesis of cancer Pursuing this course as regards apocrine epithelium, 
it was possible to designate only three mammary cancers m 300 as showing 
histologic characters that would prove or suggest origin from this source 
Furthermore, it is difficult to find in either cancerous or noncancerous 
breasts any foci of apocrine epithelium that show histologic atypism In 
the 500 cases studied here, only tw T o examples of this change were found 
Both of these atypical foci were papillary and m each case the breast con- 
tained a cancer One of these was an infiltrating duct carcinoma of usual 
t}pe and the other a carcinoma with quite large cylindrical cells haiing 
relatively small nuclei and abundant clear, eosinophilic cytoplasm Jn a 
large series of mammary cancers about 3 per cent are composed of cells 
resembling the apocrine type There is then no way of ascribing a major 
morphologic role to these cells in mammary carcinogenesis It is not possible 
to detect transitions from mammary apocrine epithelium to mammary cancer 
m any r but the very exceptional case Such a sequence is shown m Figures 
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14 thiough 17, the illustiations being taken from a single breast All the 
epithelium shown had the charactei istic eosinophilic tinctorial quality Axillary 
nodes weie involved m this case 

Table XIV is designed to show what lesions are apt to occur m cancerous 
and noncancerous breasts when the common factor is the pi esence of apocrine 
epithelium As usual, the occurience of these lesions in the 200 benign 
breasts and 300 cancel ous breasts, as a whole, is included 

Table XIV 


LESIONS ACCOMPANYING APOCRINE EPITHELIUM 



84 Noncancer 


117 Cancer 



Cases, with 


Cases with 



Apocrine 

200 Noncancer 

Apocrine 

300 Cancer 


Epithelium 

Cases 

Epithelium 

Cases 

1 Hyperplasia of duct epithelium 

65% 

39% 

70% 

57% 

2 Duct papillomatosis 

45% 

29% 

45% 

36% 

3 Intracystic papilloma 

0 

2% 

1% 

1% 

4 Blunt duct adenosis 

56% 

26% 

47% 

26% 

S Sclerosing adenosis 





A Diffuse , 

1% 

1 5% 

0 

0 3% 

B Focal 

23% 

11% 

14% 

7% 

6 Fibro adenoma 

8% 

19% 

6% 

7% 

7 Tendency to fibro adenoma 

4% 

3% 

8% 

6% 

8 Cysts 

83% 

53% 

40% 

27% 

9 Stasis and distention of ducts 

50% 

36% 

62% 

42% 

10 Duct metaplasia 

52% 

34% 

71% 

45% 

1 1 Periductal mastitis 

30% 

22% 

20% 

14% 

12 Fat necrosis 

0 

2% 

2% 

1 3% 

13 Lobule frequency 





Numerous 

10% 

13% 

7% 

10 % 

Average 

59% 

61% 

39% 

35% 

Few 

31% 

26% 

54% 

55% 

14 Periductal myoid atrophy 

37% 

27% 

45% 

42% 


Table XV 


COMPARATIVE riNDINGS IN BRTASTS WITH AND WITHOUT APOCRINr EPITIiniUM 



84 Noncancer 

116 Noncancer 

1 17 Cancer 

183 Cancer 


Cases with 

Cases without 

Cases with 

Cases without 


Apocrine 

Apocrine 

Apocrine 

Apocrine 


Epithelium 

Epithelium 

Epithelium 

Epithelium 

1 Hyperplasia of duct epithelium 

65% 

19% 

70% 

42% 

2 Duct papillomatosis 

45% 

24% 

45% 

30% 

3 Intracystic papilloma 

0 

3% 

1% 

2% 

4 Blunt duct adenosis 

5 Sclerosing adenosis 

56% 

4% 

47% 

12% 

A Diffuse 

1% 

2% 

0 

2% 

B Focal 

23% 

5% 

14% 

2% 

6 Fibro adenoma 

8% 

27% 

6% 

8% 

7 Tendency to fibro adenoma 

4% 

6% 

8% 

4% 

8 Cysts 

83% 

31% 

40% 

19% 

9 Stasis and distention of ducts 

50% 

25% 

62% 

30% 

10 Duct metaplasia 

52% 

22% 

71% 

30% 

1 1 Periductal mastitis 

30% 

16% 

20% 

11% 

12 Fat necrosis 

13 Lobule frequency 

0 

3% 

2% 

1% 

Numerous 

10% 

14% 

7% 

13% 

Average 

59% 

59% 

39% 

32% 

Few 

31% 

27% 

54% 

55% 

14 Periductal myoid atrophy 

37% 

28 

20% 

45% 

39% 
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The trends shown in previous tables are repeated in Table XIV, and m 
Table XV a fuither comparison is shown by charting the lesions occurring m 
bi easts that do and do not contain apocrine epithelium 

Study of the preceding tables justifies the statement that apocrine 
epithelium is most apt to be found in a breast containing certain noncancerous 
prohfeiative lesions This is further supported by the following Rather 
commonly m cases of papillomatosis, isolated foci of apocrine cells or glands 
are seen in that part of the papilloma which protrudes into the duct lumen 
These foci aie often multiple and are entirely separated from one another, 
so that it seems reasonable under these circumstances to regard them as 
metaplastic m nature, newly foimed, and, therefore, proliferative It can 
also be shown that apocrine elements take part in sclerosing adenosis and 
blunt duct adenosis, the component parts of wdnch are certainly newly 
foimed structures Occasional mitoses may be found in areas of epithelium 
of apocrine pattern, indicating that these are m some instances at least pro- 
liferative rather than static stiuctures We believe that all “pink epithelium” 
m the bieast arises on a basis of hyperplasia and metaplasia Absolute de- 
teimmation of this w r ould depend on studying material from breasts of 
gradually decreasing age-groups until the earliest manifestations are en- 
countered We have seen apocrine elements in a breast of an infant a few 
months old This was, however, in an actively proliferative adenomatoid 
lesion of papillaiy chaiacter 

In summary, an analysis of cancerous and noncancerous breasts, using 
the piesence or absence of apocrine epithelium as the means of comparison, 
shows no essential difference 

VI SCLEROSING ADENOSIS 

The teims “fibiosing adenomatosis,” “sclerosing adenomatosis” and “scle- 
rosing adenosis” have long been used interchangeably m this Hospital to 
identify a specific lesion quite commonly misinterpreted and erroneously 
diagnosed as mammary carcinoma The interchangeable terms above are 
incompletely descnptive since they designate only one phase of the process 
to be described here, namely, that of sclerosis These lesions have been also 
termed “myo-epithelial ’ tumors 1 The phase of fibious sclerosis, however, 
is the one usually seen, it is quite chaiacteristic, and hence it seems peinns- 
sible to stress this feature in selecting a term applicable to the lesion The 
stage of fibrous scleiosis is, of course, a late one and it is not usual to see 
the eailier or “florid” phase of pure epithelial efflorescence So far, we have 
seen only a single case m which the microscopic structure w r as purely “florid ” 
It is rare to find “floridness” the chief feature in any case, but over a period 
of some years all conceivable intermixtures of florid areas and sclerosing 
areas have been obseived 

Scleiosmg adenosis occurs m two forms In the first of these a palpable 
tumor mass is present In the second, minute focal areas are seen only on 
microscopic examination and the lesions aie but incidental findings The 
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focal microscopic lesions are 20 to 30 times as frequent as the discrete 
tumors, and present no clinical problem 

When sclerosing adenosis piesents as a palpable lump the true identity 
of the piocess can be established by the following characters The lump 
is fieely movable 111 the breast and there are no secondary skm changes 
The patients aie usually m the twenties or thirties We have sfeen no case 
below puberty and only a few in the teens Now and then the lesion occurs 
aftei foity and m isolated instances m the fifties and sixties The tumors 
aie customarily seen by the pathologist when a specimen is locally excised 
and submitted foi frozen-section, the clinical diagnosis having been fibro- 
adenoma or cyst The consistency is ordinal ily less rubbery than m fibro- 
adenoma and less firm than 111 mammary carcinoma However, both 
extremes are possible The tumois lack the smooth globoid or elliptical 
shape of a fibro-adenoma and instead show nodularity of vaiymg coarseness 
They aie disci ete but are apt to be indefinitely encapsulated On section, 
lesistance to cutting is variable, depending on elasticity or firmness The 
cut suiface is giayish- white as a rule but may be partly or chiefly faint, 
pmkish-yellow Usually, the chalky streaks so common m mammary cancer 
aie absent but 111 several instances they have been observed The most 
impoitant gioss observation is the detection of usually definite lobulation 
that may vaiy from a millimeter to over a centimeter The lobulations are 
chiefly 111 direct contiguity but they may merge impel ceptibly or sometimes 
be separated by an intei val of a few millimeters There is often a certain 
minor degree of translucence The lobulated surfaces customarily project 
slightly The periphery of the tumor is characteristically nomnfilti atmg m 
appeal ance hut some specimens may be confusing in this respect Given a 
case in which theie is distinct lobulation, neat circumscription and an 
absence of chalk streaks a gross diagnosis of cancer is unlikely But there 
are a few cases in which lobulation and circumscription are not clear and if 
chalk stieaks and undue firmness are added, one is very apt to get a gross 
impiession of mammary cancer Fortunately, this combination of characters 
is laie If the gross impiession of cancer is carried over to the frozen 
or paiaffin section, dangei is mci eased since fuither microscopic confusion 
is possible 

The chief pitfall m microscopic diagnosis, pai ticularly m frozen sections, 
is seeing what superficially appears to be mfiltiation When properly analyzed, 
it becomes evident that this picture is the result of abortive fibrosis or 
hyalinosis It is the stage of sclerosis where epithelium has lost the initiative 
and is “choked” by fibrous or hyaline matrix This connectwe tissue 
dominance produces irregular patterns where thin epithelial columns are 
haphazardly isolated Due to constrictive pressure the shape of the epithelial 
cells is apt to be variable, and the sum total yields an impression of pleo- 
morphism plus invasiveness It is important to note that, at this phase of 
the process, nucleai staining is regular and mitoses are absent Looked at 
with a low power lens one is often able to detect lobulation even wdien it is 
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grossly inconspicuous, and it is usual to find that the greatest degree of 
scleiosis occuis at the peripheiy of the lobulated portions Eventually 
the entire aiea of lobulation will become hyalimzed, but this is a change 
that may leqtiue many yeais In almost any case certain nncioscopic fields 
can be found which, if viewed alone, would ceitamly pass foi cancer, and 

Tig 19 



Fig 20 

Tig 19 — Section from a palpable mass Intermediate phase with moderate 

sclerosis 

Fig 20 — rocal lobular area of sclerosing adenosis No palpable mass 

Beginning sclerosis 

it is necessary that the lesion be examined as a whole and the a arious changes 
reconsti ucted, to insure proper intei pretation The occurrence of cellular 
aieas m these tumors is a further source of microscopic confusion It has 
been stated before that florid and sclerosing areas may be present in the 
same tumoi 
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During the floiid phase moderate cellular vai lability may be seen and 
mitoses aie not infiequent These findings must also be discounted and the 
decision as to diagnosis made on estimating all of the featuies present 
During the floiid phase theie is extensive multiplication of duct-like 
stiuctures Both extia- and mtialobular members of the mammary paren- 

ric 21 



Tig 2i — Advanced stage of sclerosing adenosis with obliteration of 
lumina No palpable mass 

Tig 22 — Dilated mammary duct containing stasis material Periductal 
inflammation with infiltrate of lymphocytes and large fat filled phagocytes 
Tig 23 — Same process as in Figure 22, but somewhat more adaanccd 

chyma aie seen to paiticipate and the newly foimed ducts often show 
papillary and solid epithelial plugging Sometimes the proliferation is so 
diffuse that solid epithelial islands small and large, are formed m which 
lumina are not visible, and again single microscopic fields can be found 
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that would be individually indistinguishable fiom cancer In purely florid 
areas connective tissue does not participate Even in the florid phase of 
sclerosing adenosis there is a tendency to lobulation A generalization may 
be made that in eithei phase, the lesion is “put together” m a different fashion 
than is mammary cancel Some of the microscopic qualities of sclerosing 
adenosis are reproduced m Figures iS tlnough 21 

It seems clear enough that scleiosmg adenosis can begin 111 an mtra- 
lobulai position or commence 111 neai -terminal or terminal ducts that fail 
to form normal mammary lobules This view of origin is supported by 
the fact that the newly formed tubular structuies piactically never have 
a cncumferential myoid investment When sclerosing adenosis presents 
as a palpable mass, lobule participation in the tumor propel may not be 
visible but 111 outlying breast tissue it is commonly observed In the focal 
microscopic form of scleiosmg adenosis lobular origin is by far the more 
common, and often the lesions are of such small pioportion that normal 
lobule size may be maintained, and in some lobules all of the lobule con- 
stituents do not necessarily participate Both flond and sclerosing phases 
can be seen m the focal micioscopic foim of scleiosmg adenosis, and the 
only real difference between this form and the tumoious form is that 
one occurs m miniature 

It may be well to lepeat that sclerosing adenosis mfiequently produces 
a palpable tumor This infrequence is undoubtedly the chief reason that 
it is so apt to be mistaken foi cancel On a Surgical Service that does 
over a thousand breast opeiations yearly, the annual occurrence of the 
palpable or clinical form of the disease ranges from six to twelve cases 

In the 200 noncancerous cases studied here, three discrete tumors due 
to sclerosing adenosis weie seen, while in the 300 cancer cases, there was only 
one example, in addition of course, to the cancer In the statistics to 
follow, these few instances of disci ete tumor cases have been merged with 
the focal microscopic type Thus, in 200 breasts without cancer, sclerosing 
adenosis was found in 12 5 per cent and m 300 breasts containing cancer, 
m 7 per cent The number of cases m either group is insufficient to give 
reliable percentage figures by decades, but this is nevertheless shown 111 
Table XVI 

Tabic XVI 

INCIDENCE Or SCLEROSING ADENOSIS 

Number of Noncancer Cases Number of Cancer Cases, 
Decade with Sclerosing Adenosis with Sclerosing Adenosis 

20-30 5 0 

30-40 4 2 

40-50 16 9 

50-60 0 3 

60-70 0 6 

The only impiessions that can be gained fiom Table XVI are that 
sclerosing adenosis (in essence, the focal microscopic form) is most common 
in the decade 40-50, and that the lesion, as such, can endure 111 the breast 
far beyond the menopause 
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Table XVII shows the lesions that occui together with sclerosing adenosis 


Taw c XVII 


I ESIONS ACCOMPANYING SCLEROSING ADENOSIS 


Hyperplasia of duct epithelium 
Duct papillomatosis 
Intracystic papilloma 
Blunt duct adenosis 
Apocrine epithelium 
Fibro adenoma 
Tendency to fibro adenoma 
Cysts 

Stasis and distention of ducts 
Duct metaplasia 
Periductal mastitis 
Pat necrosis 
Lobule frequency 
Numerous 
Average 
Few 

Periductal myoid atrophv 


26 Noncancer 


20 Cancer 


Cases with 

200 

Cases with 

300 

Sclerosing 

Noncancer 

Sclerosing 

Cancer 
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Cases 

Adenosis 

Cases 

60% 

39% 

85% 

57% 

56% 

29% 

75% 

36% 

0% 

2% 

0% 

1% 

60% 

26% 

60% 

26% 

52% 

42% 

70% 

39% 

16% 

19% 

5% 

6% 

4% 

3% 
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60% 

27% 

32% 

36% 

65% 
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44% 

34% 

75% 

45% 

26% 

22% 

20% 

14% 

0% 

2% 

0% 

1 3% 

28% 

13% 

10% 

10% 

52% 

61% 

45% 

35% 

20% 

26% 

45% 

55% 

36% 

27% 
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42% 


Fiom the foregoing it is cleai that othei cystic ana piohferative lesions 
of types pieviously mentioned, tend to occui along with sclerosing adenosis, 
and, moieovei, they occur with greater than usual fiequency One pro- 
hfeiative lesion, fihio-adenoma, does not follow this trend noi has it done 
so in foimer analyses 

It does not seem possible to show a fundamental diffeience between 
cancerous and noncancerous breasts on the basis of sclerosing adenosis That 
this lesion has little or no part to play in mammary cancel lgenesis we now 
feel reasonably ceitain We have nevei seen any ciucial morphologic 
evidence in any case that a mammary carcinoma was arising on a basis of 
sclerosing adenosis The very occasional case in which cancel and scleiosing 
adenosis merge in the same microscopic field has always shown more con- 
vincing evidence of oiigm from other souices or simultaneously in sclerosing 
adenosis and othei souices, so that satisfactory traceability to sclerosing 
adenosis as a piecanceious entity has been lacking and the coexistence 
attributed to chance Foi years, conseivative local surgery has been recom- 
mended in cases of sclerosing adenosis, and no incident yet has occurred 
to altei this point of view 

The etiology of this lesion is unknown The microscopic appearance does 
not change with phases of the menstrual cycle Menstrual histones of 
the patients leveal nothing chaiacteristic In one case the patient, age 24, 
presented a 1 fi-cm lump in hei breast that had been piesent and unchanged 
for six months A 20 mg pellet of estiadiol was implanted adjacent to 
the lump Dui mg 12 weeks of observation the lump in hei bieast changed 
not at all in character At the end of this penod the pellet and the bieast 
tumor with adjacent bieast tissue were excised At the time of removal 
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the pellet weighed 14 mg The 1 5-cm mass was a fibro-adenoma, with focal 
areas of sclerosing adenosis In the adjacent breast tissue were additional 
foci of sclerosing adenosis All areas of e scleiosmg adenosis were similar 
in stiucture and in the phase of fibrous sclerosis None of the usual features 
of the florid phase was seen This case was of interest because of the 
apparent negative response of the sclerosing adenosis (and for that matter 
the surrounding bieast tissue) to estiadiol administration 

Highly florid focal sclerosing adenosis has been observed in the breast 
of one pregnant patient However, comparison with florid lesions 111 breasts 
of nonpregnant individuals renders it impossible to state that the con- 
comitant pregnancy increased the floridity of the lesion, since equal degrees 
of floridity occur quite apart from pregnancy Every phase of the process 
has been seen 111 individuals who have never been pregnant, from which 
it is obvious that piegnancy is not a necessary initiating growth factor, 
and it is not a postlactational involutional phenomenon Material studied 
to date has given no clue to what initiates the early or florid phase It can 
be said that this pattern is much more common m the thud and fourth 
decades, but on occasion unusually florid cases are seen 111 older women, an 
extreme example being in a patient age 62 The period during which a 
lesion may remain in a florid phase is also indeterminate but this character 
was seen 111 one tumor whose presence had been known for 12 years In 
anothei flond case, the lump was first noted shortly after injections of 
unstated amounts of theelm In still another case the lump was observed 
prior to theelm theiapy, and after administration of 100,000 units, the symp- 
toms of lump were said to have been paitially relieved In the section, 
however, the histology was anything but that of a lesion presumably 
“relieved,” the florid characters being extremely prominent These chance 
observations cannot, of course, answer questions on etiology, but they tend 
to emphasize the unpi edictabihty of hormonal influences 

vii — "periductal mastitis 

The most common histologic feature of penductal mastitis is more or 
less inflammatory cell infiltrate about the mammary ducts, the predominant 
cells usually being lymphocytes The appearance of inflammatory cells, 
however, is m nearly every case preceded by other changes, namely, stasis 
of amorphous acellular and cellular duct content, dilatation of the duct 
wall and varying degrees of atrophy of periductal myoid tissue A common 
accompaniment of the process is flattening of the lining epithelium of the 
duct, usually slight, but 111 severe cases quite marked so that true squamous 
metaplasia results Also, commonly observed are fat-laden phagocytes within 
the duct lumen, scattered or clustered among the lining epithelial cells and/or 
dispersed about the duct wall in varying numbers where they mingle with 
other cells, usually lymphocytes If the lining epithelium and wall of a 
duct are eroded, it is not uncommon to find old or fresh blood in the lumen 
01 adjacent periductal tissue, and this is responsible for some cases that 
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piesent clinically \vith bleeding nipple as the chief symptom Every con- 
ceivable combination and degree of these changes are observed, but over-all 
the most constant finding is stasi£ of duct content The cause of stasis is 
not apparent, but it is reasonably certain that anatomic obstruction to ducts 
is not essential No doubt obstruction due to duct papillomas, pressure 
from cysts or tumors or senile atrophy with duct dilatation facilitate the 
process, but on close analysis these factors do not explain many of the 
cases When these lesions seem concerned the periductal mastitis occurs 
distally Such lesions seldom account for the most marked or extensive 
cases In noncancerous papillomatosis of multiple small ducts, there is 
seldom associated periductal mastitis when the papillary lesions are early 
and small A solitary macroscopic papilloma is far more apt to produce 
this lesion and the changes appear to depend on the production of stasis 
of duct content Furthermore, in comedocarcmoma, where the ducts are 
lined by cancer cells and there is much central necrosis, somewhat analogous 
to ordinary duct stasis, periductal mastitis is common and apt to be severe 

One of the consequences of duct stasis is erosion of the epithelial lining 
This commonly occurs with relatively little inflammatory reaction When, 
however, the duct wall is weakened or penetrated the contents of the duct 
gam access to adjacent tissue and further changes ensue If the duct is 
surrounded by dense fibrous tissue, the reaction produced is relatively mild 
and not extensive But if the adjacent tissue is fatty, the outpouring of 
duct content is followed by a more severe and more complicated inflammatory 
reaction characterized by fat necrosis in which the break-down products of the 
fat tissue play an aggiavating role The end-result is the production of 
foreign body type of inflammation Cholesteiol, its esters, and fatty acids 
are found in these areas of inflammation and are easily identified as crystals 
or by special staining The process can be extremely chronic, lasting for 
months and years In fully developed form, a palpable mass may be produced 
and the breast present brawny induration Secondary changes in the over- 
lying skm sometimes occui, and it is readily understandable why on occasion 
a clinical diagnosis of cancer is made This clinical condition has been 
described by Lee and Adair 2 undei the designation “traumatic fat necrosis ” 
It is notable, however, that many cases do not give a history of trauma, 
and when this is lacking the term “inflammatory necrosis” is a better one 
Trauma is not an essential by any means to mammary fat necrosis, but one 
might postulate that trauma to a breast alreadv the seat of stasis, distention 
and periductal mastitis augments the chances of that breast developing 
clinical fat necrosis In summary, we regard periductal mastitis as repre- 
senting only a part of a pathologic complex, usually preceded by duct stasis 
and impairment of the duct wall and followed in some instances by varying 
degrees of mammary fat neciosis In this connection see Figures 22 
thiough 25 

Periductal mastitis was found in 44, or 22 per cent, of the 200 non- 
cancerous breasts and in 44, or 15 per cent, of the 300 cancerous breasts 
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In the 44 noncancerous bi easts with peuductal mastitis, the average age 
of the patients was 41 7 yeais, while m the 44 cases of cancel with pen- 
ductal mastitis the avei age age was 49 7 The occui 1 ence by decades is 
shown in Table XVIII On account of the moiphologic lelationship between 

Fig 24 




Fig 25 

Fig 24 — Erosion of lining epithelium and duct wall Escape of duct 
content and productive inflammatory response with foreign body characters 
Fig 25 — Sequela of leakage of duct content, fully developed inflamm-i 
tory fat necrosis Spindle shaped spaces mark former sites of crjstallinc 
material removed by solvent chemicals Manv foreign body giant cells 

periductal mastitis and combined stasis and distention of mammary ducts, 
figures for the latter are included 

The greater fiequency of periductal mastitis m breasts without cancer 
is con elated in each age-gioup by a coriespondmgly greater frequency of 
stasis of duct content and duct dilatation This statistical interrelationship 
would not be given so much weight if it were not for the fact that it is 
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OCCUKRLNCI OI 1 LR1DUCTAL MASTITIS STASIS Or DUCT CONTENT AND DUCT DISTLNT ION 



Noncancerous Cases 

Cancer Cases 


Periductal 

Combined Stasis 

Periductal 

Combined Stasis 

Decade 

Mastitis 

and Distention 

Mastitis 

and Distention 

30-10 

30% 

40% 

10 % 

28% 

40-50 

15% 

48% 

8% 

30% 

50-60 

48% 

70% 

18% 

48% 


suppoited by morphologic relationship, the simultaneous occurrence of 
the lesions in the same microscopic or larger areas Again, it is repeated 
as in former sections that statistical relations are insufficient for conclusions 
unless given meaning by concomitant anatomic correlation 

On close examination of periductal mastitis in both groups of cases, 
it is evident in each that most of these lesions are of slight extent, so that 
only 22 per cent of the noncancerous breasts with periductal mastitis and 
18 per cent of the cancerous breasts with periductal mastitis show 7 the 
lesion to marked degree It is of interest that in the entire group of non- 
cancerous cases with periductal mastitis, fat necrosis occurred six times and 
m every instance the periductal mastitis, stasis and distention were marked 
(Note that three of these cases of fat necrosis w'ere from the additional cases 
added to the 50- to 60-year decade, and, hence, the total of six exceeds 
the number of cases of fat necrosis in the series of 200 noncancerous breasts) 
The same was noted in the cancer cases with periductal mastitis In this 
group fat necrosis ' w 7 as found four times, ahvays with marked degree of 
periductal mastitis, stasis and distention, and these cases constituted all 
examples of fat necrosis in the 300 cases of the cancer series 

Periductal mastitis in both the cancer and noncancer series, as previously 
mentioned, occuis chiefly with no demonstrable basis except stasis of duct 
content and dilatation In the oldei age-groups this is apt to be rather 
diffuse (this seems related to the changes of senile atrophy) but may be 
predominantly focal In younger women there is a greater tendency to 
focal distribution In many cases the periductal mastitis is dependent upon 
local lesions such as duct papilloma and pressure from cyst or tumor Thus 
we regard periductal mastitis in some cases as nonobstructive or “primary” 
and m some cases as obstructive or “secondary ” 

The cause for excessive stasis in the primary cases is not clear The 
material apparently is composed of desquamative epithelial debris and it 
may be added to by products of secretion from or through lobular and duct 
epithelium Perhaps these changes are due to excessive desquamation or 
secretion which exceeds the physiologic capacity of the mechanism normally 
disposing of duct content Some of the marked cases do give a history of 
nipple discharge, but m most cases this does not occur Periductal mastitis 
in minor form is no more apt to appear in breasts that have lactated than m 
those that have not, and multiple lactations do not play a part We do 
not have enough data to state whether or not this is true of the most 
marked cases that present in a clinical form with segmental localization 
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The piesence of penductal mastitis m either cancel ous 01 noncancerous 
hi easts does not matenally influence the occunence of lesions othei than 
those alieady mentioned as being fundamentally concerned m the piocess 
When othei lesions such as cysts and noncanceious proliferative piocesses 
aie piesent, they nevei appear to begin as a result of penductal mastitis, 
stasis and distention of ducts 01 fat neciosis 

Any diffeiences in cancel ous and noncanceious bi easts that show pen- 
ductal mastitis aie unnnpoitant ones and depend almost exclusively on age 
distubution of cases In none of the 300 cases of cancer could we tiace the 
souice of mammai y caicmoma to periductal mastitis and its 1 elated lesions 
The tiacmg of cancel to this source would, in oui opinion, depend upon the 
demonsti ation of histologic tiansitions in the epithelium at such foci Pie- 
viously, it has been stated that the most common alteration m epithelial 
cells at such sites is metaplasia, usually of minor degree, and in some 
instances the pioduction of tiue squamous characters Anothei epithelial 
change fauly common at aieas of penductal mastitis" and stasis and distention 
is slight epithelial pilmg-up and loosening This change is a minor one, 
usually seen m medium and largei ducts, and seems to be little more than 
tnvial hypeiplasia that desquamates lapidly The stasis and distention as 
well as the penductal mastitis are usually slight in such areas, and it is 
almost mvanable to find flattening and atrophy at sites of maiked distention 
and penductal mastitis It is not implied that an atiophic epithelium is 
unlikely to give use to cancel It can be said, however, that m the material 
studied heie, no significant histologic atypism could be found m either 
atiophic 01 hypei plastic epithelium lining areas of stasis, distention and 
penductal mastitis In the eaihest mammary cancels seen by us m this 
and othei material wheie the ducts were lined by typical cancer cells, 
penductal mastitis does not play the idle of precuisor 

VIII — THE MAMMARY LOBULES 

The compaiative examination of the chaiacter of the mammary lobules 
m cancel ous veisus noncanceious bi easts has offeied more difficulties than 
any othei aspect of this morphologic analysis That this has been the 
expenence of othei authors is indicated by the relative absence of detailed 
accounts of lobule abnormality Peihaps these writers have felt the same 
majoi obstructing tactoi as we oui selves, namely, the problem posed by 
the. question, what constitutes the noimal lobule pattern of the human female 
bieast and what changing aspects, if any, are imposed by the cyclic phases 
of menstruation ? Insofai as w^e have been able to ascertain, there has been 
no morphologic suivey of mammary lobules which has been based upon the 
examination of ideal matenal Reports on bieast tissue taken from autopsies 
have the disadvantage that they deal with specimens from chronic or acute 
diseases that may m themselves have been in part responsible for alteiations 
111 the lobule stiuctuie piesented Actually, the study of such breasts is a 
specific pi oblem in itself, and should logically be prosecuted after a fundamental 
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noimal has been established by study of “scieened” material The other 
source from which observations have been made is fiom surgical breasts, 
and these as a whole are puma faue abnoimal organs Even so, \vhen one 
studies a laige amount of such material and compares his findings with those 
of others, there seems no doubt that certain lobule patterns are more char- 
acteristic of one phase of -the cycle than another We have been able to 
study a limited amount of selected autopsy material and, in addition, over 
300 surgical bi easts from patients m whom menstrual dates were known 
Our findings are in more or less agreement with the descriptions furnished 
by Rosenburg, 3 Dieckmann, 4 Polano, 3 and Geschickter, 6 and divergencies will 
not be elaborated here in histologic detail Structural features that we con- 
sider indicative of various phases of the menstrual cycle are presented with 
explanatory notes in Figures 26 through 33 

After the study of material of the type mentioned above, much remains 
that is unsatisfactory A vast majority of these breasts present a distinct 
variation in lobular structure, and it is the unusual gland that possesses even 
a moderately homogeneous picture Certain of the lobule patterns when 
charted 111 relation to certain stages of the menstrual c\cle wall be found 
more commonly in the lutein phase, for example, and yet the chart wall show 
these same types during the follicular phase and vice veisa Only a trend 
is shown Added to this there are other types of lobules that show' no 
relation at all to the periodicity of the ovarian cycle, and, moreover, they 
embrace a wide variety of structure quite different from that of those 
lobules which seem more characteristic of either the follicular or lutein 
phase In our lack of understanding of the significance of these latter struc- 
tural types, we pursued their study under the premise that they may represent 
abnormal lobule configurations Almost at once, it became obvious that 
the lobules adjacent to such expanding lesions as fibro-adenoma and cyst or 
lobules at the edge of a cancer showed a series of changes not encountered 
when these lesions were absent Chief among the changes seen w r ere 
intralobular edema, irregular contour and size of lobules and their epithelial 
components, lack of uniform layering of acinar epithelium and intralobular 
round cell infiltrate These changes apparently represented an early stage 
in what can be called secondary lobule alteiation The later stage of this 
process was accented by decrease or nearly complete loss of lobular epithelial 
components, replacement by dense round cell infiltrate and decrease or 
disappearance of lobular edema Finally, lobular units w r ere completely 
effaced and their foimer sites marked only by residual round cell foci 
with perhaps hyalmized acinar remnants Of all these changes the marked 
intralobular edema seemed most common Often these alterations involved 
lobules as much as 2 cm distant from the edge of a large, expanding lesion , 
they extended, as might be expected, a shorter distance w'lien the expanding 
lesion w'as roughly 1 cm in diameter In any breast containing many cysts 
and/or other lesions causing peripheral pressure, it can be easily seen 
that lobule homogeneity will in some measure be disrupted 
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Fig 26 



Tig 27 

Tig 26 — Section taken on first day of menstruation Acini are numerous 
and closely spaced Lumina are open and contain secretion Lining cells 
cuboidal to columnar, cjptoplasm rather abundant and pale Cell arrange 
ment orderly Full size of lobule not shown in this cross section Stroma 
rather vascular and free from collagen Occasional Ijmphocytes Fully dev el 
oped lutein phase of ejele Appearance indistinguishable from manj lobules 
seen in third month of pregnancy Manj lobules in this breast fail to show 
as marked luteinization 

Fig 27 — Section taken on fourth day after onset of menstruation Earh 
involutional changes Acini continue to be numerous Some lumina remain 
open, some narrowed, manj closed Residual secretion can be seen Fewer 
columnar cells Orderly cell arrangement persists in some acini but w f ith 
contracture of acini and obliteration of lumina, cells are piling up in dis 
orderlj fashion Stroma showing earlj condensation and increased numbers 
of lvmphocytes as well as decreased vascularitj 
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Tig 29 

Fig 28 — Section taken eight days after onset of menstruation Further 
involutional changes Process not entirely uniform but this is not unexpected 
Central portion of lobule in advance of periphery Some acini almost extinct 
Increasing numbers of lymphocytes (Compare with Figures 27 and 29) 

Tig 29 — rrom same section as Figure 28 Uniform and rather adianced 
involution Acini still numerous but collapsed Condensation of acinar cells 
Reduction m size and nuclear pyknosis Abundant lymphocytic infiltrate 
Stroma somewhat less dense than ordinarily found eight days after onset of 
menses 


Surgery 
, 104j 


42 



Volume 121 
dumber 1 


CANCEROUS VS NONCANCEROUS BREASTS 


On fuithei obsei vation, secondaiy lobule alteiation could be found m 
association with othei breast lesions Those lobules distal to an intraductal 
papilloma 01 comedocaicinoma weie neaily always adveisely affected The 
geneial tiend in these instances was towaid atrophy following m the wake 

Fig 30 



Fig 31 

Fig 30 — Section taken 12 days after onset of menstruation Involution 
nearly complete Acini less numerous, more widely spaced Intervening stroma 
denser Lymphocytes still present 

Fig 31 — From same section as Figure 30 Endpoint of physiologic 
involution Pew acini remain and these in collapsed state with hyaline con 
nective tissue condensation about some Remainder of stroma dense and 
practically free from lymphocytes 

of, and dependent upon the degree of the induced duct dilatation, stasis of 
duct content and periductal mastitis In another section we have discussed 
the secondary formation of duct stasis distention and periductal mastitis 
due to pressure from cyst, fibro-adenoma and cancer Thus, any expanding 
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lesion of the bieast may not onl) cause lobule alteiation locally thiough 
pressuie alone, but also at a gieatei distance by intei feience with adjacent 
ducts, the effects of which interfeience aie detected in then coi responding 
lobulai teiminations As expected, when the lesion complex of duct stasis, 

Tig 32 



Fig 33 

Fig 32 — Section taken 15 days after onset of menstruation 
Stage of reactn ation Note loosening of 'stroma as if in prepara 
tion for acinar hyperplasia Connective tissue cells larger and less 
elongated Occasional mitoses of these cells present but not 
visible at this magnification Acinar lumma reestablished with 
lining cells assuming coherent arrangement Nuclei remain dark 
Fig 33 — Section taken 22 days after onset of menstruation 
Characteristic corpus luteum effect Multiplication of acini Lunnna 
present but not yet crowded with secretion Lining cells larger and 
taller Cytoplasm more abundant and nuclei relatnely pale 
Occasional mitoses can be seen with difficulty 


dilatation and periductal mastitis occurs in primary form, the lobules supplied 
by these ducts show the same changes as seen when the aforesaid lesion- 
complex of duct dilatation, stasis and periductal mastitis is of secondary type 
Those portions of breast tissue free from expanding lesions did not 
show the type of change referred to as secondary lobule alteration In 
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sections of such tissue, however, it was common to see lobule patterns that 
did not fit the pictures associated with expected cyclic changes The structural 
types seen were several in number, and as a geneial group may be lef erred 
to as primary lobule alteration In some instances the lobules were uniform 
in appearance, and when such was the case, they tended to assume one of 
two forms In the first of these the lobules were very few, they were quite 
small, the acini were scanty and reduced m size The intralobular connective 
tissue was neither edematous nor dense, and periacmar hyaline was incon- 
spicuous Often there was consideiable fat replacement of fibious stroma In 
short, this w r as a reproduction of an atrophic breast, and w^as what wmuld be 
seen in the breast of a postmenopausal woman On repeated occasions this 
sort of lobule pattern has been seen in women far short of the menopause 
Extreme examples may be seen in the eaily twenties Little 01 no diffeience 
w r as apparent regardless of the stage of the menstrual cycle during which the 
tissue w^as obtained No accurate explanation can be made when such cases 
have normal menstrual histories, and such is usual m the cases seen thus far 
The general impression is that such breast tissue may be refractory to 
hormonal influences V erification of this hypothesis obviously depends 
upon demonstration of at least normal cyclic output of both the follicular and 
luteinizing hormones, since the mere existence of a normal menstrual cycle 
clinically perhaps tells us nothing of actual hormone patterns 

In the second type of primary lobule alteiation wheie homogeneity of 
structure existed, the following u f as seen The number of lobules was neither 
increased nor decreased They were chiefly of average size The intralobular 
connective tissue w r as abundant loose and edematous The epithelial com- 
ponents were veiy few' in number but of large size, and the lining cells w r ere 
often piled up in three to four layers and were rather apolar in arrangement 
Seldom was periacmar hyaline a prominent feature The most extreme 
examples of this type furnished at least a superficial resemblance to gyne- 
comastia, particularly when the epithelial components of the lobule were 
very few m numbei Again, this type of lobule structure has been encountered 
repeatedly without relation to any paiticulai phase of the menstrual cycle 
Any proposal that such a picture is the lesult of excess follicular hormone 
meets the embarrassment of one’s inability to piesent the lequired proof by 
chemical assay 

The two types of pi unary lobule alteration just discussed are relatively 
infrequent, each being seen in about 5 per cent of surgical breasts Far more 
common is a third form of primary lobule alteration in which the lobule pattern 
is unbalanced and megular A description of these changes is extremely 
difficult to put into words The pnncipal character is the heteiogeneity which 
makes it utterly impossible to predict fiom sections at what stage of the 
menstrual cycle the tissue w r as obtained Ceitam lobular groups suggest 
the lutein phase, while adjacent ones seem more characteristic of the follicular 
phase Still others paitake of neither of these phasic types Sometimes the 
structure resembles the florid phase of lobular sclerosing adenosis, and in the 
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same section foci may occur that demonstrate the regressive phase of the 
same process Still other lobules appear to be undergoing atrophy very much 
as in a senile breast, while others suggest an early phase of cyst formation as 
manifested by marked acinar dilatation Intralobular epithelial hyperplasia 
of “nonphysiologic” kind is seen This is commented on at a further point 
in this section Added to these are “metaplastic” changes in which the acinar 
epithelium becomes flattened and almost epidermoid in character, or per- 
haps the acinar epithelium is seen in various easily tiaced stages of trans- 
formation to the so-called apocrine type It is reasonable to assume that 
when such complex lobule arrangements are met, they lepresent multiple 
epochs of abnoimal proliferation and involution, some of which may have 
occurred long befoie the specimen was secured 

To refei such changes as these to hormone imbalance is still problematical, 
and piactically all of the evidence on human breasts comes fiom somewhat 
indirect souices These sources include (i) the resume of material which 
indicates certain types of lobules to be more chaiacteristic of the follicular 
or lutein phase ot the cycle, (2) the study of the human female breast under 
known preponderance of the corpus luteum hormone, that is, in pregnancy, 
and (3) the study of the male breast under conditions of known excess of 
female hoimone, that is, m gynecomastia Interesting observations could be 
made if one could secure breast tissue fiom patients who, on curettage, 
are shown to have glandular and cystic endometnal hyperplasia The 
number of cases required to enable propei evaluation is discouraging When 
one applies the structural evidence from souices that are available and makes 
compai isons with surgical breast prepaiations, it is difficult to deny a probable 
relationship to hoimone imbalance It seems possible that the implied imbal- 
ance need not require an excess of one or the other ovarian hormone , perhaps 
a subnormal amount of one or the other is sufficient There is evidence that 
ceitain lobules are eithei more or less liable to hormone stimulation than are 
others This is partially demonstrated by sections of the breast in various 
stages of pregnancy Not every breast in the fifth to sixth week after the 
last menstruation shows the same degree of response, and as a matter of 
fact in some cases, one could not be sure of the existence of pregnancy from 
the sections, the appearance being so similar to that seen m a normal 
premenstrual breast Even m the third trimester of pregnancy very small 
numbeis of lobules may either appear almost totally unresponsive or much 
less well-developed than the vast majority of the lobular units The 
rate of involution of individual lobules following pregnancy is also subject 
to demonstiable variation Moieover, m examining a large number of 
breasts taken from one to ten years after the menopause, it is remarkable 
to note how capricious may be the rate of lobular atrophy 

The implications brought foiward in the foregoing received some support 
when, late during the progress of this general study, we had the opportunity 
to examine breast material from another source Through the aid of Doctor 
Sophie Spitz, and the courtesy of the Medical Examiner’s Office of New 
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York City, specimens of both breasts and the endometrium were obtained 
These were fiom cases of sudden death due to accident, homicide, or natural 
diseases, the lattei being nonmfectious in natuie There weie two mter- 
1 elated pui poses in securing this material from cases of sudden death First 
of these was to gam a more accurate insight into the frequency of the lesions 
of so-called chronic cystic mastitis in the breasts of the female population at 
large The second was to ascertain the “average” appearance of the mammary 
lobules during the various phases of the menstrual cycle, as indicated by com- 
parison with simultaneously taken sections of endometrium in cases without 
debilitating chi omc disease There were 27 such cases aggregating 54 breasts 
T,wo of the cases were in the decade 10-20, three 111 the decade 20-30, 
thirteen 111 the decade 30-40, and nine m the decade 40-50 Not less than 
eight and an average of ten blocks weie cut in each case, considerably more 
abundant sectioning than was done m the series of 500 cases reported here 
in detail A thoiough summary of this additional material will not be 
made here, but will be reported at a later date The total number of 
cases is admittedly small, but there was so much structural contrast with 
the group of surgical breasts that some general comment seems warranted 
The lesions that have been presented in previous sections as constituting 
the complex, of so-called chronic cystic mastitis were not absent m the 
material from cases of sudden death, but they were far less plentiful and by 
no means of as marked degree as seen 111 the cancerous or noncancerous 
surgical bi easts This was preeminently true 111 regard to gross lesions and 
equally true as legal ds microscopic lesions The more plentiful sectioning 
of the material from instances of sudden death is, in our opinion, reinforcing, 
in that it affords less chance of failuie to detect abnormalities 

The lobule status in the postmortem material was vastly different from 
that 111 the surgical matei lal In surgical breast material from premenopausal 
women, we find only about 10 per cent of cases that have enough homogeneity 
of lobule structuie to justify a prediction of the phase of the menstrual 
cycle After a ceitam degiee of lobule imbalance is attained, any estimate 
is puie guesswork Two of the 27 cases of sudden death showed advanced 
postmortem changes and wete unsuitable for lobule or endometrial determina- 
tions Three of these cases had atrophic endometria and were regarded as 
postmenopausal Of the 22 remaining cases, two showed primary lobule 
alteration which made estimate of the stage of ovarian cycle unfeasible Three 
of the cases showed the atiophic type of breast unsuitable for determining 
cyclic phases Theie weie 17 cases with uniform lobule structure which 
enabled one to estimate the phase of the menstrual cycle In 16 of these 17 
cases, the independent piedictions of the cyclic phase by tw'O obseivers proved 
coriect, as controlled b) the accompanying endometrial pattern The pre- 
diction lepoited as a failure w r as correctly made by one observer The 
sections of endometuum weie, of course, not consulted until after the 
examination of the bi east tissue Excluding breasts and endometna showing 
too advanced postmorten change and those that weie postmenopausal, there 
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were 22 cases In 16 of these (72 pei cent) it was possible to predict from 
the breast sections the phase of the menstrual cycle This is m high 
contrast to the figure of io pei cent obtainable by us in surgical breasts In 
short, the homogeneity of the lobular stiuctuie of these breasts from cases 
of sudden death was dnectly conti aiy to the disoidered lobular structure 
found in the surgical breasts The far lesser incidence of the lesions of 
“chronic cystic mastitis” and the comparative absence of lobule alteration 
111 the conti ol (sudden death) breasts, combined with the high frequency of 
these lesions m the suigical breasts, suggests a close relationship between 
lobular alteration and the lesions we have presented in another section as 
constituting the complex of so-called chionic cystic mastitis Perhaps certain 
foims of lobule alteration are an integral pait of that complex 

In studying the occurrence of lobule alteration m the group of 300 can- 
cerous and the 200 noncancel ous bi easts, observations were limited to the 
decades 30-40 and 40-50 Secondary lobule alteration vas so common that 
no figures are given, and, moreovei, it has alieady been stated that, ana- 
tomically, such changes seem secondary to pressure 01 duct stasis and asso- 
ciated lesions The figuies given in Table XIX concern only primary lobule 
alteration, as it has been described 111 tbe foiegoing 

Table XIX indicates little except that 111 suigical material these lobule 
alterations are common, and that they are considerably more frequent m the 
later decade, as has been shown in preceding tabulations to be true of other 
lesions concerned in so-called chronic cystic mastitis 

Table XIX 

INCIDENCE or PRIMARA LOBULE ALTERATION 

In Noncancerous Breasts In Cancerous Breasts 
Decade Frequency in Per Cent Frequency in Fei Cent 

10-40 36 34 

40-10 52 48 

The previous comments on lobule stiuctuie have lef erred to two geneial 
types of lobule alteration, pnmarv and secondary, and weie intended to 
direct attention to what may be consideied abnoimal lobule structure It 
seems necessaiy heie to discuss in some detail the problem of epithelial 
hyperplasia m lobules Epithelial hypeiplasia can be seen in lobules that 
show either primal y or secondary alteration A good deal of effoit has 
been put fouvard in tiying to establish what constitutes pathologic hyper- 
plasia of lobular epithelium The necessaiy criteiia arrived at after prolonged 
consideration demand that the lobule under examination have an appearance 
dissinnlai to that seen as a phasic pattern of the menstrual cycle or of 
pregnancy , the nunibei of layers of lining epithelium must be gi eater than 
two (unless there is obviously a focal pile-up) If any pait of a lobule 
shows such changes, epithelial hypeiplasia is consideied present If such 
changes are limited to a single acinus, it is extiemely uncommon in our 
experience On man} occasions, however, a lelatively small part of a lobule 
may be affected The occurrence of this sort of epithelial hyperplasia was 
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tabulated foi the same material m which the incidence of lobule alteration 
was detei mined (Table XX) 


Decade 

30-40 

40-50 


Table XX 


INCIDENCE or INTRALOBULAR EPITHELIAL HTPERPLASIA 


Noncancerous Breasts 
Frequency in Per Cent 
14 
22 


Cancerous Breasts 
Frequencv in Per Cent 
16 
34 


Fig 34 



Tig 35 

Tigs 34 and 35 — Lobule patterns dissimilar to an\ seen as, 
phasic variants of the ovarian cvcle Structural imbalance with 
nniltilaj ered lining cells in disorder!} arrangement 

The degiee of epithelial hypeiplasia in lobules, as one -would anticipate, 
vaned between bioad limits fiom simple multiplication of lining layers to 
complete plugging of acinar lnmma A considerable experience is neces- 
sary befoie one’s designations of epithelial h)perplasia in lobules are accurate 
and lepeatable Our plan was foi each obseivei to make independent 
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lecordmgs, compaie results, review material where discrepancies occurred, 
and continue until each individual’s observations were reproducable by the 
other Several hundred breasts were studied m this manner before the 
above tabulations were made 

In a formei paper 7 the existence of and the histologic features of lobular 

Fig 36 



Fig 37 

Fig 36 — Lobular alteration, with pathologic h>perplasia of 
epithelium 

Fig 37 — Appearance superficial suggesting corpus luteum 
phase of menstrual ejele, but there is stratification of lining cells 
lack of coherent grouping and difference in cell size and staining 
properties Moreover, patient be) ond the menopause 


rnammai y carcinoma in situ were discussed In addition, a brief description 
of the infiltrating phase of this type of mammary carcinoma was given At 
that time no effort was made to depict histologic levels of lobular epithelial 
change that fell short of the fully developed in situ lesion It was felt that 
such changes must exist, but we were not sure of their identity The large 
mass of material examined in the past few years has made us much more 
confident of the earlier transitions to lobular mammary carcinoma m situ 
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To write a word-formula foi the identification of these subtle alterations is 
beyond our poweis The photonuciographs shown in Figures 34 through 43 
illustrate variable degiees of lobule alteration with progression to lobular 
mammary caicinoma both in situ and in an early infiltrative phase These 
may suffice in pait, but they cannot substitute for actual letinal images 
Once the actual histologic pictuies aie grasped, they appear to one as highly 

Tig 42 



Fig 43 

Fig 42 — Further progression of lobular carcinoma in situ 
Integrity of individual acini difficult to detect at all points 
Tig 43 — Merging of acini and start of infiltratne stage 

chai actei istic and sepaiable from other moie common pictures of hyper- 
plasia m lobules 

We regard ceitam atypical hyperplasias as tiansitional stages in the 
development of in situ lobule cancer In a piecedmg section, it has been 
shown that one of the chief differences between cancerous and noncancerous 
breasts was the far gi eater likelihood that the cancerous breasts would show 
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duct papillomatosis of atypical stiuctuie For this teason it seemed necessaiy 
to investigate atypical hyperplasia in lobules foi the same lelationship In 
the material used foi othei lobule studies, there veie ioo noncancerous breasts 
equally divided between the decades between 30 and 50 years Not a single 
case was found in which there w^as atypical hyperplasia 111 lobules This 
absolute absence is one of chance, since in about 500 noncancerous breasts 
seen yearly at Memonal Hospital, this atypical form of hyperplasia is seen 
about half a dozen tunes We do not refer here to true lobular carcinoma 
tn situ but the less advanced lobulai alteiation 

In 32 cancer cases between the ages of 30-40 and 50 cancer cases between 
the ages 40-50 there w r ere six which showed the atypical form of intralobular 
epithelial hyperplasia In four of these six cases, the cancel s had the infiltra- 
tion pattern so charactei istic of cancers of lobule origin In this group of 
82 cancers, some form of epithelial hyperplasia in lobules w^as seen in 22 
cases In those 22 cases there w r ere nine lobular mammary carcinomas, an 
incidence of 40 per cent, wdnle the over-all incidence of lobular carcinoma 
is only about 5 pei cent These findings lead us to believe that the epithelial 
hyperplasias discussed do have a positive relationship in the development 
of mammary carcinoma of lobule origin 

In comparing the lobular stiucture of cancerous and noncancerous 
breasts, abnormal types are common in each gioup One fundamental differ- 
ence is found This is the much more pronounced tendency for the lobules 
of breasts with cancer to show r intralobular epithelial hyperplasia of atyp- 
ical sort 

(To be continued) 
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FROM THr DEPARTMENT Or LABORATORIES HENRY TORD HOSPITAL, DETROIT MICH 

Ulceration or mr duodenum associated with burns has occurred in 
12 pei cent of animals utilized in an experimental study of burns projected 
by the National Research Council, and carried out at the Henry Ford Hos- 
pital The material on which this presentation is based consists of 34 instances 
wheie ulceration of the duodenum was found associated with the experimental 
burn An analysis of this material seems worth while in view of the fact 
that (1) Hai kms 1 found only 98 Curling’s ulcers in 680 burn cases reported 
up to 1938, of which 26, 01 3 8 per cent, were confirmed by autopsy, (2) Cur- 
ling’s ulceis, that is ulcers of the duodenum subject to perforation and hemor- 
lhage, have not been consistently produced experimentally, (3) this series 
shows a strikingly lughei incidence in animals tieated with bland dressings, 
such as stenle vaseline, in contrast to those treated with tannic acid, ferric 
chloride, silver nitrate and other tanning agents, (4) lethal complications of 
these ulcers have occuired in nine instances, hemorrhage four times, and 
peifoiation with pentonitis five times, and (5) the pathogenesis and the 
definite relation to burns have not been established 

Pack, 2 m 1926, and Harkins, 1 in 1938, made coriiprehensive reviews of 
duodenal ulceis associated with bums, first collected and described in detail 
by Curling 3 in 1842 Cooper, 4 in 1839, and Long, 5 in 1840, had reported 
individual cases pievious to Cui ling’s consideration of the subject 

Although the 3 8 per cent incidence of autopsied cases quoted from Harkins 
represents a laige series, it should be kept in mind that the percentage 
varies m this group from zeio to 365, and that in the larger series the in- 
cidence is lelatively low — Erichsen 1895, 94 cases, or 2 1 per cent, Stewart,' 
1923, 115 cases, 01 1 7 pei cent, Harris, 8 1929, 138 cases, or 07 per cent, 
and Riehl, 0 1930, 152 cases, 01 3 3 per cent 

As to pathogenesis, Pack lists ten theories and Harkins 26 Only those 
hypotheses supported by some objective evidence, clinical or experimental, 
will be enumeiated heie 

1 Hypeiacidity of gastnc secretion — Necheles and Olson , 10 1941, found 
a great increase in gastnc motility, and in a number of animals a considerable 
mciease in the volume and acidity of the gastnc secretion Wilson , 11 1935, 
failed to show hyperacidity in patients 

2 Action of burn toxin — Harris, 8 1929, ascribes Curling's ulcer seen in 
a three and one-half-year-old child to “pi otem metabolites” formed by digestion 
in the binned area He believes this toxin produces focal necrosis and hetnor- 

*The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Henry Ford Hospital 
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lhage m the duodenal mucosa and that these aie, m turn, tiansformed into 
ulceis by the pancreatic juice Kapsinow, 12 1934, pointed out from his -work 
on rabbits that blood concenti ation lesults 111 stasis with rupture of the 
capillaries underlying the duodenal mucosa with tissue anoxia, necrosis and 
ulceration 

3 Blalock, 13 1931, demonstrated low blood volume in burned animals, 
and Brooks and Blalock, 14 1934, showed necrosis, congestion and hemorrhage 
in both the duodenum and adrenals after producing a low blood volume 
by slow bleeding More recently, Freeman, et al , 15 1942, and Wiggers, 16 
have shown congestion of the duodenum in hematogenic shock 

4 Perry and Shaw, 17 1894, pointed out that in septic conditions petechiae 
occur m serous and mucous membianes thioughout the alimentary tract, and 
expressed the opinion that these petechiae served as the initial lesion from 
which duodenal ulcers 111 both septic processes and in burns develop Hertz 
and Digby, 18 1913, and Stewart, 7 19^3, supported the view of Perry and 
Shaw, pointing out that the incidence of Curling’s ulcers was reduced by 
antiseptic and aseptic surgical treatment 

EXPERIMENTAL PROCEDURES 

The material forming the basis for this presentation consists of 32 instances 
of gastric and duodenal ulceration occurring in the course of 80 experiments 
in which third degree burns were produced over 50 to 60 per cent of the 
body surface, while the animals were under morphine and ether, or morphine 
and chloroform anesthesia Following the procedure, liberal use of morphine 
and complete dressings kept the animals comfortable, as evidenced by the 
fact that they were active and retained a good food intake until the terminal 
stages 

In the first group of seven experiments involving large burns, two 
were dressed with sterile vaseline, four with tannic acid and one with 
sulfadiazine and lanolin One vasellned animal survived only four days 
but the second lived eight days, and showed multiple small, punched-out 
duodenal ulcers The other members of the group lasted from eight to 13 
days, but failed to show ulceration 

Following this obseivation, a series of four animals, Nos 3095, 3096, 3097 
and 3098, were burned and dressed with sterile vaseline Survival time was 
10, 10, 13 and 10 days respectively Numbers 3095 and 3097 had large, 
punched-out duodenal ulcers, measumig 2x1 cm and extending down to 
the serosa Number 3096 had multiple small ulcers, 1 to 2 Mm in diameter 
in the prepyloric region of the stomach, while No 3098 had a superficial 
mucosal ulcer, 1 x 1 cm , in the duodendm All of this series showed extensive 
infection of the wound, B coh, B pioteus,B lacks aei ogcnes, St) eptococcus 
hemolyticus and nonhemolyhcus, Staphylococcus albus and Cl bijamcntans 
being isolated Number 3098 showed Sti eptococcus hemolyticus m blood 
cultures Terminally, the blood plasma proteins were 54 Gm , N P N 75 
mg , C 0 2 17 7 vol per cent, calcium 10 1 mg , and icterus index 15 
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Out of the first seven animals burned and diessed with steule vaseline 
the five living eight days or more showed infection of the wound and gastric 
or duodenal ulceration 

In the second group of expeiiments sterile vaseline, scarlet 1 ointment 
and lanolin were used ten times, resulting m ulceration of the duodenum 
three times and of the stomach once 


Fig 1 




Fig 2 

Fig 1 — Experiment No 3180 — Burned 60 per cent of Dody surface with steam, 
under chloroform anesthesia Dry dressing with 7 5 per cent tannic acid Surwial time 
four days Autopsy Lner large, congested, kidneys large, congested, duodenum and 
fundus of stomach showed marked edema and congestion 

Tig 2 — Experiment No 3157 — Received 150 cc neutral tannic acid subcutaneously, 
while under ether and morphine anesthesia Deeply jaundiced by third day II 50, 
blood sugar 76, hematocrit 67, survival time three days Autopsy Hemorrhagic pneu 
monia, bilateral, marked congestion of fundus of stomach and duodenum 


Combining the two groups outlined above, theie aie a total of 17 burns 
dressed with vaseline and sunilai diessmgs, with 11 lesultmg ulceiations, 
or an ulcer incidence of 64 7 per cent It may be significant that two of 
this group failing to show ulceration were dressed with scailet 1 ointment 
and sulfadiazine-lanolin, respectively Both of these had minimal infection 
as compared with the lest of the group 

In the second series there i\eie 33 expeiiments This difteied from the 
first group 111 that all the diessmgs were of sterile vaseline These dressings 
were not changed, and every effort was made to mciease the suivival time 
by special feeding and intravenous fluids The average survival tune was 
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only slightly piolonged, howevei, and five animals weie lost dui mg the fiist 
five days Of these only one, No 3220, showed duodenal ulceration 
Ulceiation was found 21 times, or in 63 6 per cent Two animals, Nos 
3255 and 3259, had perforating ulceis, with peritonitis, and one died from 
hemorihage (No 3220) In one group of three, suivivmg 9, 10 and 10 days, 
respectively, the incidence of ulcei was 100 pei cent, and in nine successive 
experiments only one failed to show ulceration This failuie was possibly 
due to the fact that w^e succeeded in keeping the animal alive but five days 
In reviewing the second senes of experiments, the loss of appetite, loss 
of Aveight, necrosis and infection of the wound, the marked loss of plasma 
into the dressings, the high nonpiotem mtiogen of the blood, low C 0 2 



Fic 3 — Experiment No 3130 — Burned 60 per cent bodj surface, under chloroform and 
morphine Dressed tilth sterile vaseline and gauze Survnal time six days Autopsv Two 
large mucosal ulcers of duodenum, associated with swelling and edema of the duodenal wall 

combining power of the blood, and the frequent coma with convulsions aie 
clinical observations to be noted At autopsy, the high incidence of acute 
ulceration of the duodenum, with no other equally consistent pathologic 
finding except the congestion and parenchymatous degeneiation of the livei 
and kidneys is striking 

Discussion — In the first series there weie 47 third degree bums involving 
from 50 to 60 pei cent of the body surface, with 13 showing ulceration 
of the duodenum or stomach Thirty of these burns Avei e di essed with tanning 
agents, such as tannic acid, ferric chlonde, and silvei nitrate In this 
group ulceration occurred only twice, or 111 6 6 per cent, and then only in 
those having w^et dressings Of the 17 dressed with vaseline, lanolin and 
scarlet r ointment 11, or 647 per cent, showed ulceration In the second 
series of 33 animals with burns of similai type all w^ere di essed with 
sterile vaseline and 21, or 63 6 per cent, showed duodenal ulceiation 

The gross examination of the duodenal ulcers reveals erosions from 
the most superficial mucosal lesions to peneti atmg incisive lesions with hemor- 
lhage or perfoiatmg punched-out lesions, with peritonitis The inflammatory 
infiltration is mild 01 absent in most cases, with acute exudate reaction 1 
found in only one section A few healed ulcer craters and large scarred 
areas of the duodenal w'all were observed 
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Although duodenal ulcers were encounteied m animals living from six 
to 23 days, the marked edema and congestion of the duodenum, and less 
frequently of the stomach, m one to three days after the burn, has to be 
given consideiation as a basic or underlying lesion, especially since it has 

Fig 4 



1 ig s 

Fig 4 — Experiment No 3143 — Burned 60 per cent body surface under morphine and 
chloroform anesthesia Wet dressing with 7 5 per cent tannic acid jelly Remained in good 
condition for eight da\s, then began to pass blood per rectum Died on ninth daj Autopsy 
Wound not tanned but shows extensive necrosis and severe infection Intestine filled with 
fresh blood coming from two ulcer craters in duodenum One crater has large clot adherent 
Tig s — E xperiment No 3358 — Burned 60 per cent body surface Dressed with sterile 
vaseline and gauze Showed extensive necrosis and infection Surviaal nine days Autopsy 
Marked congestion of stomach and duodenum with multiple small ulcers 

been demonstrated in other types of experimental shock Indeed, this 
lesion seems anothei manifestation of the pathology of shock comparable to 
the early engorgement and congestion in the liver, which probably initiates 
the degenerative or necrotic changes in that organ 
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A comparison of the gastuc contents, both fasting and after 150 cc 
of 5 pei cent alcohol, of the nonnal and that of the burn dog at various 
stages shows that both the free hydiochlonc acid and the total acid are 
reduced shaiply rathei than mci eased This is in agreement with Wilson’s 11 
findings 111 the human, and not in accord with Necheles and Olson 10 The 
other significant finding m the gastric contents was the blood, frequently 
seen as shieds and clots, and giving strongly positive chemical tests This, 
coupled with the appearance found at autopsy, emphasizes the damage to 
the mucosa, preceding ulceration 01 in the absence of the same (Table I) 

Fig 6 




Fig 7 

Fig 6 — Experiment No 3262 Burned 60 per cent bod> surface Vaseline and gauze dressing 
Animal ate well for first ten days Gastric analjsis on elerenth da> Free HC 1 6, total acids 58, 
occult blood +++ Showed extensne necrosis and infection Survival 12 days Autopsy Stomach 
showed single ulcer, 1 cm in diameter, p>loric region, duodenum — multiple smaller ulcers 

Tig 7 — Experiment No 3255 — Burned 60 per cent body surface Dressed with sterile vaseline 
and gauze Showed extensive necrosis and infection but ate well for first eight da>s Survival time 
ten dajs Autopsy Abdomen distended with generalized peritonitis On opening the duodenum there 
is a perforating ulcer, 1 cm 111 diameter, with small erosions nearbj 

Hyperacidity as explanation of Cui ling’s ulcers has no support from our 
data, but normal acidity may be sufficient to cause ulceration in the edematous, 
congested lpucosa of these burn animals Further, it is quite possible that 
the usual alkalinity of the duodenal contents is reduced by mucosal damage 
and the developing general acidosis 

The liver showed extensive parenchymatous degeneration, especially at 

59 



F W HARTMAN 


■Annals ot Surccrj 
Januirj 1SJ., 


the centei of the lobule, but not the chaiactenstic eential neuosis except 
m those cases tieatecl with tanning agents 

The kidneys weie laige and congested, with mfaicts and coitical ab- 
scesses in about 5 pei cent Acute parenchymatous degeneration was regu- 
laily found 

The lungs usually showed edema and congestion with frequent lobular 
consolidation in the dependent portions 

Table I 

/ 

GASTRIC ANAL\SES 


Dog No 

Specimen 

Free HC1 

HClDef 

Total Acids 

Guaiac 

Normal 

Tasting 

24 

0 


90 

Neg 

dog 

1 5 mins 

10 

0 


25 

Neg 


30 mins 

2 

0 


20 

Neg 


45 mins 

2 

0 


18 

Neg 


60 mins 

0 

10 


24 

Neg 

Normal 

15 mins 

0 

6 


10 

Neg 

dog 

30 mins 

0 

4 


8 

Neg 


45 nuns 

2 

0 


12 

Neg 


60 mins 

8 

0 


20 

Neg 

3263 

Tasting 

. 2 

0 


12 

+ + + + 

(6tli day) 

15 mins 

4 

0 


6 

Neg 


30 mins 

4 

0 


8 

Neg 


45 mins 

14 

0 


22 

+ + 


60 mins 

22 

0 


30 

+ + + + 


75 mins 

8 

0 


22 

+ + + + 

3265 

Tasting 

10 

0 


12 

+ + + + 

(6th da>) 

15 mins 

2 

0 

Cl 

10 

Neg 


30 mins 

0 

4 

: 2 

Neg 


45 mins 

0 

2 

t L 

12 

+ + + + 

3265 

Fasting 

2 

0 


8 

+ + + + 

(8tli day) 

15 mins 

2 

0 


10 

+ + + + 


30 mins 

0 

4 


12 

+ + + + 


45 mins 

0 

2 


4 

+ + + + 


60 mins 

0 

4 


14 

+ + + + 


Careful gross and microscopic examination of the brain was made m 
those animals particularly which showed coma and convulsions Giossly, 
theie was marked engorgement of the cerebral vessels but actual hemor- 
lhage and encephalomalacia could not be made out Micioscopically, the 
hypothalamus was given special attention because of the relation of lesions 
of this area to ulceration of the intestinal tiact, as pointed out by Cushing 
Pericellular and perivascular edema was striking, with cuff hemorihages about 
the vessels m a few instances Small areas of devastation necrosis in the 
hypothalamus were piesent m one animal 

The 63 per cent incidence of Curling’s ulcers m the two series of animals 
burned and diessed with vaseline and other bland applications, as contrasted 
with the 6 per cent incidence in the group burned m a similar mannei and 
dressed with tannic acid or other tanning agents, indicates that an analysis 
of the two groups may suggest etiologic factors The animal whose wound 
is dry-tanned loses very little plasma from the body, although the area 
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Fig 8 — Experiment No 3.259 —Burned 60 per cent bod> surface Dressed -with sterile vaseline 
and gauze Extensa e necrosis and infection of wound but appetite well maintained for first nine da\s 
Suriival time 11 dajs Autopsy ' Much free fluid in abdominal canty and a perforating ulcer in the 
duodenum, 1 5 cm 111 diameter There are several smaller erosions in both the stomach and the 
duodenum 

Fig 9 — Ex-periment No 3097 — Burned 60 per cent bodj surface, under morphine and chloroform 
anesthesia Dressed with sterile \aseline and gauze Remains comfortable, eating and drinking fairly 
well Cultures from wound on fifth da> show both hemolytic and nonhemolytic Streptococci, Staph 
albus and eight other nonpathogenic bacteria On the sixth day plasma proteins 515 mg per cent, 
hematocrit 45 Sur\i%al time nine da>s Autopsy Two large perforating duodenal ulcers 



Tig 10 — Dog No 3-49 — Photomicrograph showing small punched out ulcer extend 
mg thiougli mucosa and subniucosa No ciidencc of inflaminaton reaction (Low power) 
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beneath is always veiy edematous The infection m such a wound is 
usually slight or absent up until the fourth or fifth day, when marginal 
separation of the eschar begins The animal is comfortable and eats well 
after the first 36-48 hours Marked acidosis rarely develops and, barring 
liver neciosis, a good recoveiy, with eventual healing of the skin defect, 
is accomplished 

Animals treated by moist diessings with tanning agents have a course 
more like the animals dressed with bland preparations except that neciosis 
and infection is somewhat reduced With the bland diessings the injured 
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Fig 11 — Dog No 3*08 — Photomicrograph showing smallest mucosal erosion, with no 

inflammatory reaction (Low power) 

tissue lapidly begins to undeigo autolysis This, coupled with great and 
continued loss of plasma into the dressings, favois extensive infection with 
the various types of oigamsms listed The appetite is reduced, so that 
despite careful feeding there is marked weight loss , acidosis, septicemia, coma 
and convulsions aie frequent Loss of plasma, rapid autolysis of injured 
tissue with infection and acidosis are the factors found in tins group which 
may logically be cited as the variables responsible foi duodenal ulceration 
and death 


SUMMARY 

1 Fifty animals had third degree bums of 50 to 60 pei cent of the 
body surface produced and dressed with vaseline or similar preparations 
Curling’s ulcer was a complication in 32, 01 63 3 per cent 

2 Thnty animals had third degree burns of 50 to 60 per cent of the body 
surface produced, and were dressed with tannic acid or other tanning 
agents Curling’s ulcer was a complication in two, or 6 6 per cent, and in 
these the dressing was of the wet type 

3 Loss of plasma, autolysis with infection, and acidosis occurring in th'e 
fiist group, with 57 per cent higher incidence of Curling’s ulcers over 
the second gioup, suggest themselves as etiologic factois 
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Tig 13 — Dog No 


3256 — Photomicrograph showing shallow ulcer extending to submucosa 
(Low power) 
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TRANSTHORACIC ESOPHAGOGASTROSTOMY FOR CARCINOMA 
OF THE MIDDLE THIRD OF THE ESOPHAGUS 

REPORT OF A SUCCESSFUL RFSFCTION 

Dwight Edwin Cl irk, M S , M D , F A C S * 

rROM THC DEPARTMENT Or SLRGER\ UNIVERSITY OF CHICAGO CHICAGO, ILL 

At the present time tiansthoiacic resection for carcinoma of the lowei 
thud of the esophagus with esophagogasti ostomy has become a well-standai d- 
lzed piocedure which can be peifoimed with consideiable success 

Progiess m the surgical tieatment for caicmoma of the middle thud 
of the esophagus has not kept pace with that of the lowei thud or with 
othei thoiacic tumors Until lecently all of the caicmomas of the middle 
thud w r eie resected by the method used and developed by Toiek 1 Although 
this pioceduie fulfills the principles of good cancer surgery it is not entuely 
satisfactory, in that esophagogastric continuity is not leestabhshed 

The ceivical esophagostomy may be connected to the abdominal esopha- 
gostomy or gasti ostomy by means of an antenoi thoiacic esophagoplasty 
or, if such is unsuccessful a 1 ubber tube The rubber tube connection is an 
unending souice of complaints The tube fiequently becomes dislodged 
or plugged and is almost constantly leaking Many ingenious methods 
have been proposed for anterioi thoracic esophagoplasty utilizing skin tubes 
(Bucher) stomach (Kuschner) gastric tube (Beck, Jianu), jejunum 
(Roux, Herzen), colon (Vulliet-Kelling), and a combination of jejunum 
and skin tube (Lexer, Wullstein) Most of these opeiations lecpme 
multiple operative piocedures and are quite difficult to perform Yudin 2 
has recently leported the construction of an aitificial esophagus in 80 
cases of stiicture of the esophagus In six of these he used Bucher's 
cutaneous tube method, 16 had a duect anastomosis pei formed between the 
pharynx and a jejunal transplant, and 58 w r eie opeiated upon by the 
combined methods using a segment of jejunum foi the lowei part and a 
skin tube above 

Such procedures, as Yudin descnbes, may be applicable foi a carcino- 
matous lesion m the upper thud of the esophagus, but aie certainly not 
ideal for neoplasms of the middle or louder third of the esophagus If a 
one-stage piocedure is used the patient would be subjected to an operation 
of tiemendous magnitude In a two-stage procedure the patient would 
have to undergo the risk of a majoi opeiation befoie it is determined if 
the lesion is opeiable In addition, theie is alwajs the possibility of death 
of the jejunal tiansplant and/01 infection of the subcutaneous tube 

Construction of skin tubes, either with or without jejunal trans- 
plantation, usuall) requues numerous operative pioceduies Fistulae develop 
and stnctures occui at the mucocutaneous junctions Both of these dis- 
tiessing complications aie difficult to handle Moie than 50 per cent of 

* On active sen ice w lth the United States Arm} 
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antenoi dermato-esophagoplasties are never completed, most of the patients 
dying of recurrence before the skm tube is completed 

Recently, Garlock 3 described a method for reestablishment of esopha- 
gogastric continuity after resection of a carcinoma of the middle third 
of the esophagus In his case he anastomosed the fundus of the stomach 
over and above the arch of the aorta This procedure is a definite advance 
m the surgical treatment of carcinoma of the middle third of the esophagus 
It not only affords radical removal of the tumor, but eliminates artificial 
swallowing devices or antenor thoracic esophagoplasties 

The success of Garlock prompted the 
author to attempt a similar procedure in 
a man who had a carcinoma involving the 
middle and lower thirds of the esophagus 

Case Report — P P, white, male, age 58, 
was admitted to the University of Chicago 
Clinics January 17, 1944 About four and 
one-half months before, he had noticed the 
onset of difficulty in swallowing meat and coarse 
foods This difficulty gradually progressed, and 
for about one month prior to admission he could 
only take liquids, and even these were taken 
with difficulty Solid foods would regurgitate 
almost immediately He had some cough for 
two weeks, but there had been no change in his 
voice Saliva would seem to accumulate in the 
upper esophagus and then he would have to 
“cough it up” He had no pain, but there was 
a sensation of food “sticking” in his throat 
He had lost 29 pounds in weight and had be- 
come quite weak Past history is not sig- 
nificant 

Physical Examination — The patient was a 
man of very small stature, somewhat emaciated, 
with evidence of recent weight loss There were 
numerous carious teeth and marked pyorrhea 
His voice was normal and he had no dyspnea 
Lungs were clear No cardiac murmurs His 
blood pressure 102/70, pulse 75 Reflev.es were 
equal and active 

Lahoi atoi y JData — White blood count 1 1 ,- 
100, with a normal differential, hemoglobin 13 
Gm , red blood count, 4,390,000 The urine 
was negative, blood chlorides 1025 mM/L, 
fasting blood sugar 75 mg per cent, plasma 

Tig i — R oentgenogram of esophagus fol nr nfein 6 Gm nrrrpnt NPN JO ms per 

lotting ingestion of barium showing an protein O 30 um per cent, i\ r Jy mg pm 

irregularh stenosmg filling defect which cen t Electrocardiogram was essentially normal 
begins at the level of the 6th thoracic ver . ,, 

tebra and extends to the diaphragm Roentgenologic examination following in- 

gestion of barium revealed an irregular filling 
defect, suggestive of mahgnancv, involving the lower two-thirds of the esophagus (Fig 1) 
The chest showed no abnormalities 
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At esophagoscopy, an ulcerating, friable mass, projecting into the lumen of the 
esophagus which bled easily, was seen The lumen was considerably narrowed A 
biopsy was made which subsequently revealed the lesion to be a squamous cell carcinoma 
Picoperative Piepaiation — The patient w'as m the hospital for one w r eek prior 
to the operation, during v'hich time he was given a high protein, high caloric diet 
supplemented with vitamins Five dajs before operation he received 600 cc of whole 
citrated blood He was slowly digitalized over a period of five days, and for four 
days before operation he received one gram of sulfadiazine four times per day 

Operation — January 24, 1944 Positive pressure ethylene-oxv gen-ether anesthesia, 
administered through a snug-fitting face mask was employed The patient was placed 
on his right side with the left arm suspended from a rectangular frame (Fig 2) A 



Fig 2 — Photograph showing position of patient on the operating table Dotted line indicates 

approximate shin incision 

long incision was made over the course of the seventh rib beginning at the costochondral 
junction anteriorly and extending backward to about the lateral edge of the recti spinae 
muscles At this level it was carried upward for a distance of about 8 cm (Fig 2) 
The muscles were divided and the 7th rib exposed At the posterior part of the 
wound the recti spinae muscles were reflected mesialJy exposing the posterior part 
of the rib and its accompanying transveise process The entire rib was removed 
subperiosteally from its costochondral junction to the transverse process The 
intercostal structures above and below the resected rib were divided between clamps 
near the transverse processes and ligated The 6th and 8th ribs were transected about 
one inch from their accompanying transverse processes The inner costal structures above 
and below these latter ribs were divided and the 5th and 9th ribs transected This 
allowed the wound to be spread widely and afforded excellent exposure The phrenic 
nerve was crushed just above the diaphiagm The esophagus, from just abo\e the 
level of the arch of the aorta to just above the diaphragm, was involved m a verv 
extensive neoplastic process The mediastinal pleura was incised along the mesial edge 
of the aorta from the diaphragm to the arch of tlie aorta Bv means of blunt and 
sharp dissection the esophagus was mobilized from the posterior mediastinum This 
mobilization was begun just above the diaphragm and carried upward to the arch 
Several adjacent firm, slightly enlarged Ivmph nodes were freed and left attached 
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to the esophagus Both vagus nerves weie divided above the diapluagni As the lower 
portion of the esophagus was fiecd, a small opening was made in the opposite mediastinal 
pleuia This did not seem to cause the patient any particulai difficulty but did require 
a slight inci case in the mtrati achcal piessure At the aich of the aorta the esophagus 
was intimately adherent to the adventitia, trachea and left mam bronchus The mediastinal 
pleuia was incised above the arch to the suprasternal notch The esophagus above the 
level of the tumoi was easily fieed By caieful blunt dissection the involved esophagus 
was fieed fiom beneath the arch of the aoita and from the tiachea and left main 
bronchus A poition of the adventitia was left attached to the esophagus A 16-cm 
radial incision was made in the diapluagni fiom the peripheiy toward the esophageal 

hiatus The left pluenic aiteiy was divided and ligated A mass of enlarged lymph 

nodes weie found adhcient to the left gastric artciy near its ongin No other metastases 
could be seen 01 felt The gieatci omentum was divided close to the stomach down 
to near the pyloius This division was made so that the gastio-epiploic vessels re- 
mained m the omentum The ligation was earned down to where the first branch of 
the light gastio-epiploic aitery came off to the stomach In order to remove the 

lymph node metastases it was necessary to divide the left gastnc artery neai the celiac 

axis The uppei and lowci branches of the left gastnc arteiy weie divided and the 
gastrohepatic omentum incised neai the livei The lesser omentum, left gastnc 
aiteiy and its accompanying nodes were completely excised fiom the lessei curvature 
of the stomach The stomach was divided just below the cardio-esophageal junction 
and the distal end infolded with two rows of linen sutures The proximal end was 
covered with a lubbei glove The mobilised esophagus was then drawn out through 
the opening m the mediastinal pleuia above and to the left of the aich of the aorta 
The stomach, which appealed viable, was easily brought up into the chest and an 
anastomosis made between the end of the esophagus and an opening in the fundus 
of the stomach, with tluee lows of mlci lupted sutures of linen The sutures were 
so placed that the esophagus was telescoped into the fundus of the stomach The 
first posterioi row of sutuies was placed about 6 cm above the upper limits of 
the tumoi An umbilical tape was placed around the esophagus 3 cm above 
these sutuies and tied twice, the second tic being a slipknot The lower two- 
tlurds of the esophagus was now lemoved and the anastomosis completed There 
was no tension on the suture line The elongated stomach was sutured to the peri- 
cardium and pleuia ovei the aorta as fai as the diapluagni which was closed with 
mtei lupted sutures aiound the piepylonc poition of the stomach (Fig 3) Five 
grams of sulfathiazole ciystals weie spimkled in the opeiatne field A de Pezzar 
cathctei was nisei ted posterolateially tluougii the 9th interspace foi pleural diainage 
The wound was sutuied tightlv The defect 111 the postcnoi aspect of the wound, which 
is always difficult to deal with, was adequately closed by using the reflected recti 
spinae muscles The mtiatiacheal positive pressme was increased and the air aspirated 
from the pleural cavity through the dc Pezzar catheter Dui mg the course of operation, 
which lasted six and one-quaitei liouis 2400 cc of whole blood, 550 cc of plasma and 
1850 cc of saline weie admmistued Ihe patient stood the opeiative procedure 
very well 

Post opet ativc Com sc — Immediately aftci opeiation the de Pezzar catheter was 
attached to a modified double Wangensteen suction apparatus 1 and nasal oxygen started 
The patient got along veiy well foi «ix days, and liquids by mouth were started on the 
seventh day He leceived S Gin of sodium sulfadiazine mtrarenously and one cat- 
unit of digitalis mti amusculai ly daily His temperature lose to ioi° F on the second 
day and then gradually fell to 1101 mal by the sixth jiostopeiative daj On the seventh 
dav he became quite dyspneic, and examination revealed fluid 111 the right chest 
Thoracentesis was performed and 2000 cc of chjlous-appearmg fluid was lemoved 
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Cultures of the fluid wue sterile, piotun content 325 Gm pel cent, total lipids 
500 mg per cent Following this, Ins dyspnea entuely disappeared, and he felt quite 
well 2700 cc of sinulai fluid was remo\ed fiom the chest on the following day 
This, likewise proved to be sterile and had about the same protein content On tms 
day he w r as given uoo cc of plasma to leplace the protein loss in the fluid On the 
ninth day he again showed signs of fluid accumulation in the chest and 1S00 cc of 
ch\ lous-appearmg fluid was iemo\ed This was given back to him intravenously 
wuthout reaction On the tenth dav 440 cc of fluid were aspirated from the right chest 
and on this day the administration of sulfadiazine and digitalis w'ere discontinued By 
the eleventh day he was feeling fairly w r ell and taking soft foods by mouth He took 
food wuthout difficulty in the upright position but v hen he w as h ing dow'n he would 
choke, which w r as apparently due to accumulations in the thoiacic stomach He had a 
fairly good appetite and apparently had hungei pains He was discharged on Ins 
tw r enty -se\ enth postoperative day 



I ig 3 — Shows the diaphragm closed aiound the prep\loric region and the elongated stomach anasto 
mosed to the esophagus above the aortic iTch The stomach is drawn over the aorta 

An electrocardiogram taken ten days before Ins discharge showed no significant 
change from the preoperative tracing Histamine test done three and one-half w'eehs 
postoperatively showed 78 clinical units 01 fiee hydrochloric acid in the 30-nunute 
specimen Roentgenologic examination after barium swallows made two and one-half 
weeks postoperatively, revealed nearly all of the stomach in thorax and a w-ell-functioning 
esophagogastrostomy (Fig 4) 

The patient got along quite well for three and one-half months, then he began to 
lose weight and strength A cough developed and his appetite failed His condition 
gradually became worse, and he died June 23, 1944 Autopsy was not permitted 

Pathologic Rcpoit — Microscopic examination of the esophagus showed the lesion 
to be a squamous cell carcinoma The mass of tissue removed from the lesser cun ature 
of the stomach contained eight lymph nodes Se\en of these showed invasion of 
neoplastic cells 
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Discussion — Piogiess m esophageal surgeiy has not only been due to 
a better understanding of the physiology of the cardiorespnatory system, 
but also to improved pre- and postoperative caie Most of the patients when 
seen with neoplasms of the esophagus aie eldeily, dehydrated and under- 
nourished Restoration of fluid and electrolyte balance as well as plasma 
protein level should be routine preopeiative procedures 



Tig 4 — Roentgenogram of esophagus and stomach follow mg 
ingestion of barium, two and one half weeks after resection and 
esopliagogastrostomy It shows nearly all of the stomach in tile 
thorax The anastomosis is at the level of the clavicles and the 
diaphragm is closed around the prepvloric region of the stomach 
riuoroscopy revealed no evidence of obstruction at this time 


Many of the patients who have been subjected to smgery of the esophagus 
have been given digitalis preoperatively Although one cannot determine 
definitely when full digitalization has been accomplished we have administered 
an amount calculated on the basis of body weight No adverse reactions 
have been observed, and the incidence of cardiorespiratory complications have 
been less m the cases where preoperative digitalization has been carried out 
Garlock, m his case, divided only the upper branch of the left gastric artery 
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He believed that if the mam vessel was ligated the blood supply of the uppei 
end of the stomach might be too senously jeopardized In the case repoited 
heiewith the gieatei and lessei cuivatuies were ligated off, down to the 
piepylonc legion leaving only the blood supply which comes fiom the 
piepylonc segments of the right gastric and light gastro-epiploic aitenes 
Despite this extensive sacnfice of blood vessels the cn dilation of the stomach 
lemamed adequate 
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Fig 5 — Photograph of the resected specimen of esophagus Note the 
extent of the lesion 

Ligation of the blood supply to such an extent presumably may result in 
neciosis of the stomach m some cases Therefoie, a safer procedure would 
be to leave the right and left gastro-epiploic vessels attached to the stomach, 
as shown m Figuie 6, dividing and ligating the omentum distally If this 
weie done complete removal of the left gastric aiteiy and its accompanying 
nodes could be performed with very little fear of impairment of gastnc circu- 
lation Since the lymph nodes along the lesser cun attire of the stomach 
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aie mlimatelv associated with the lymphatic chamage of the esophagus, and 
usually contain metastases, then lemoval is absolutely indicated 

F01 thiee and one-half months following operation the patient had very 
little tiouble taking solid food pioviding he would eat m an upright position 
Shoitly aftei he began to lose his appetite he noticed that if he ate a moderate 
amount of food a sense of fullness would develop m the lower chest and 
epigastiium He had some vomiting which gave lelief Roentgenologic 
study aftei the ingestion of banum, made at this time, levealed a maiked 



Tig 6 — Dngruu of the Mood supplv to the stonnch indicating points of ligation of the vessels 
which would allow complete removal of the Ivinpii nodes along the lesser curvature of stomach without 
tear of impairment of gastnc circulation Hie light and left gastroepiploic vessels are left attached 
to the stomach dividing and ligating the omentum distall} In the case presented the greater and lesser 
curvatures were ligated off down to the prep} lone region leaving onl} the blood suppl} which comes 
from the piep}loric segments of the right gastric and right gastroepiploic arteries 


obstruction of the stomach wheie it passed tluough the diaphiagm The 
exclusion of the left leaf of the diaphiagm was full It appealed that the 
obstiuction was due to legeneiation of the phienic nerve and recovery of 
the muscle tone of the diaphragm In view of this, it is a question, if it 
would not be bettei to excise a long segment of the phrenic nerve to insure 
peimanent paialysis of the left leaf of the diaphiagm Many of the patients 
m whom pait of the stomach has been tiansplanted into the chest complain 
of vague symptoms not unlike those of patients with chaphiagmatic heiniae 
Peimanent paialysis of the diaphragm may lelieve or pi event many of 
these symptoms 

The patients postoperative couise was complicated by a chylous thorax 
Because of the anatomic location of the thoiacic duct the injury of it may 
be moie fiecjuent in lesectmg lesions of the middle third of the esophagus 
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than m opeiations foi lesions o! the lowei thud This complication has 
been obseived now m tw'o cases in this clinic In both, the accumulation 
of chyle ceased spontaneously in thiee to four days Since the piotem 
content of chyle is about 2-4 giams per cent, depletion of the piotem stores 
will occui very lapidly unless adequate replacement is piomptly instituted 
Plasma should be given 01 the chylous fluid, if stenle, may be admimsteied 
mtiavenously In the case repoited, 4700 cc of milky fluid, with a piotem 
content of 325 Gm per cent, was removed fiom the light chest on the 
seventh and eighth postopeiative days This protein loss was paitially coveied 
by the administration of 1100 cc of plasma On the ninth day 1800 cc of 
sinnlai fluid was obtained which was immediately admimsteied mtiavenously, 
without any leaction 

Opeiations, such as the one descnbed, aie of tiemendous magnitude, 
and the loss of blood is considerable in spite of caieful hemostasis If adequate 
blood and/01 plasma replacement is earned out dui mg the comse of the 
opeiation the patients usually stand the proceduie veiy well Although this 
patient was a small man he w 7 as given 2400 cc of whole citiated blood and 
550 cc of plasma dunng the opeiative proceduie There was no evidence 
of leaction fiom the citiate administered 111 the blood and plasma 

SUMMARY 

r A successful lesection of a carcinoma of the middle third of the 
esophagus is repoited The esophagogasti ic continuity w'as reestablished 
by an anastomosis between the stomach and esophagus over and above the 
aich of the aoita 

2 A technic is suggested foi presentation of the gastro-epiploic artenes 
which would allow' complete lemoval of the left gastnc aitery and the lymph 
nodes along the lesser cuivature of the stomach without fear of impaument 
of gastric circulation 

3 Ceitain aspects of the pre- and postopeiative treatment aie discussed 

4 Excision of a long segment of the phiemc nerve is recommended to 
insure permanent paralysis of the diaphiagm 
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The extent to which intestinal flora aggravate the damage to the 
intestine inflicted by vascular mjuiy has not been cleaily demonstrated 
The recent introduction of potent intestinal antiseptics, 1-7 succinjlsulfa- 
thiazole and pthalysuliathiazole in particulai, has made it possible to 
undertake such a study 

In a preliminary study Sarnoff and Poth 8 found that succinjlsulfathiazole 
conferred a protective effect upon a 50-cm segment of ileum with occluded 
venous leturn, by preventing peiforation and permitting recovery of bowel 
integrity In this report data is presented demonstrating the usefulness of 
chemotherapy m experimental venous obstruction and m strangulation 
obstruction of the ileum of the dog 

METHOD 

In the morphinized dog under ether anesthesia a 50-cm loop of terminal 
ileum is exposed through an abdominal incision, with aseptic precautions 
The accompanying mesentery is freed fiom adjacent mesentery by incision 
along its entire length from bowel to root of mesentery without injury to 
the vessels serving the rest of the intestine All the veins in the isolated 
mesentery, which can be identified, are divided between ligatures The 
division of the mesentery adjacent to the ends of the loop is carried to 
intestinal serosa, so that no identifiable vasculai communication with ad- 
jacent loops remains The incision is closed (Fig 1) 

One series of dogs, Group I A, so treated, received no preoperative 
chemotherapy Another, Group I B, received preoperative chemotherapy 
as follows Of 16 dogs, seven received o 5 Gm /Kg of succmylsulfathiazole 
daily m their food 01 by gavage, + and nme received 1 o Gm /Kg of suc- 
cinylsulfathiazole daily by gavage Water was allowed postoperatively but 
food was withheld for 48 hours All blood specimens were taken from 
the femoral artery Hematocrit, plasma volume and plasma protein con- 
centration were obtained immediately prior to venous occlusion and again 
24 hours later 

The plasma volume was detei mined 'by the methods of Gibson and 
Evelyn, 0 and of Gregeison and Gibson 10 using the photo-electric colonmetei 
Plasma protein concentration was determined from the plasma specific 
gravity (pycnometry method of Phillips, et a/ 11 ), and the conversion 
formula of W eech, et al 12 ' 

* Three of these also received the drug in the same dose by gavage or in their food 
for two weeks postoperatively 
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Autopsy was pei formed immediately after death or, m the case of 
suiviving animals, after they were sacrificed at varying intervals post- 
opei atively Evidence was obtained on the source of collateral venous suppl) 
in the surviving animals and sections were taken for micioscopic stud) 
When the venous leturn of a loop of ileum is heated as described, 
the following changes are observed Aftei five minutes cyanosis is obvious, 



Fig i — S chematic diagram indicating procedure for occlusion of \enotis return of ileum 


and after 15 minutes arterial pulsations disappear and the distended veins 
have pressures approaching the arterial diastolic pressure Aftei two hours 
the loop is deep purple, swollen and juicy, and the mesentery shows ex- 
travasation of blood as far proximally as the ligatures on the veins The 
volume flow through such a loop approaches zero since, if extenonzed 
the temperature of the loop approaches that of the envuonment while 
adjacent loops are near body temperature 

In a second group of dogs, the foregoing procedure w f as repeated but 
the chemotherapy applied was as follow's Nine (Group II A) received 
succinylsul f athiazole locally (1 o Gm /Kg ). mtioduced at the time of opei- 
ation by needle and syringe into the lumen just proximal to the loop and 
gently distributed m the area No other chemotherapy was administered 
In eight others, Group II B, the only chemotherapy administered was 
sodium sulfathiazole mtiavenously (01 Gm /Kg ) immediate!) postopera- 
tively and o 05 Gm /Kg tw ice daily foi one to tw o da) s thei eaftei 

In a thud group (III) of 1/ dogs, under evipal anesthesia, strangu- 
lation obstruction of a 35-cm loop of terminal ileum, exposed under aseptic 
precautions through an abdominal incision, w y as produced by tying a rubbei 
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Fig 2 — A Gioss appearance of cross section of ileum after 24 hours of occlusion of venous 
return of ileum No cnemotherapy 



Fig 2 — B Gross appearance of cross section of ileum after 24 hours of 
occlusion of venous return of ileum Succmv lsulfatluazole bj mouth for ten 
<la>s pnor of venous occlusion 
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band around the base of the loop so as to produce venous obstruction, as 
evidenced by cyanosis, without occluding arterial flow Twelve to fomteen 
hours later the incision was opened, under light ether anesthesia, and the 
rubber band released Many of the dogs, of course, showed evidence of 
shock All had copious bloody peritoneal fluid Nine dogs were treated 
immediately thereafter by an infusion of 5 %-?% gelatin, in a volume 
equivalent to 60% of the dog’s calculated blood volume The remainder 
were treated likewise, but they also received chemotheiapy as follows 
One Gm /Kg of succinylsulfathiazole by synnge and needle into the loop 
proximal to the released loop and the same amount by mouth daily foi two 
days tliei eafter , m addition sodium sulfathiazole o i Gm /Kg w as given 
m the gelatin infusion and o 05 Gm /Kg intravenously twice daily foi tw o 
days thereafter 

Tabi c I 


SURMA AL TIME FOLLOWING VENOUS OCCLUSION OF SO-CM LOOP OK TERMINAL ILEUM 

Control Group Treated Group (see te\t) 


Dog 

Sur\ lval 

Sacrificed 

Dog 

Sur\ i\ al Sacrificed 

No 

Time in Hours Dajs Postoper 

No 

Time in Hours Dajs Postoper 

1 

47 


1 

15 

2 


23 

2 

22 

3 

40 


3 

42 

4 


13 

4 

30 

5 

42 


s 

60 

6 

42 


6 

3 

7 

36 


7 

10 

8 

39 

$ 

8 

43 

9 

84 


9 

6 

10 


10 

10 

24 

11 

20 


11 

51 

12 

38 


12 

51 

13 

6 5 days 


13 

51 

14 

35 


14 

30 

IS 

45 


15 

48 

16 

37 


16 

30 

17 

37 




18 

35 




19 

12 




20 

34 




21 

30 




22 

20 




23 

40 




Average wt —9 5 Kg 

Mortality 


A\eragewt =9 3 Kg Mortalitj 



87% 


25% 



RESULTS 


Gtoup I ( Table I) 

Venous Occlusion 

With Pi copci ative Pei 01 al 

Chemothei apy 




In this 

group of dogs, wuth simple 

venous 

occlusion of a loop of ileum, 

23 untreated control dogs 

(Group I A) showed a mortaht) of 87 per cent, 


death occurring m all but two of these dogs m less than 47 hours The 
gioup of 16 dogs receiving chemotherapy (Group I B), showed a moitaht} 
of 25 per cent within 48 hours The remainder suivived and weie sacri- 
ficed at intervals varying from 3-60 da\s posloperativelv The sumvmg 
dogs lost weight, but appealed reasonably well and took food from the 
second postopei alive day 
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In Table II data on changes during the first 24 hours postoperatively 
in blood and plasma volume, hematocrit and plasma proteins are listed It 
is clear that no significant alterations occurred m these categories in both 
the treated and untreated groups of dogs Theiefore, when death occurred, 
it could not be attributed to shock resulting from blood loss ansing 
from the vascular damage The autopsy findings demonstrate that m the 
untreated group (I A) death was due to partial or complete dissolution 
of the loop, with resulting peritonitis The four treated dogs which died 
differed from the untreated dogs in that no perforation was present Never- 
theless two showed gross evidence of peritonitis 


TABLr II 


BLOOD CHANGES 24 HOURS AfTER VENOUS OCCLUSION Or 1LEAI LOOP 


Dog 

Blood Volume 

Plasma Volume 

Hematocrit 

Plasma Proteins 

Survival 

No 

% Change 

% Change 

% Change 

% Change 

Time Hrs 

Conti ol 

8 

-11 8 

+ 64 

- 9 

5 

-10 0 

39 

9 

-20 5 

-22 8 

- 2 

3 

-15 0 

84 

10 

- 6 0 

- 3 0 

- 1 

8 

-13 9 

st 

12 

-23 6 

-31 7 

+ a 

2 

+ 30 

38 

23 

- 4 8 

-10 5 

+ 3 

0 

0 

40 

Average 

-13 3 

-12 3 

— 1 

1 

-17 2 

— 

Treated 

0 

- 4 8 

-12 2 

+ 4 

0 

- 8 5 

si 

6 

-12 8 

0 

- 6 

5 

- 8 0 

si 

7 

-10 a 

- 7 0 

- 2 

1 

- 7 8 

si 

8 

-27 7 

-17 5 

* - 8 

4 

-11 1 

43 

9 

-18 5 

-14 4 

- 2 

8 

- 8 0 

si 

It 

-29 a 

-26 7 

- 1 

4 

0 

si 

2t 

-25 2 

-23 4 

- 2 

5 

- 7 2 

si 

3t 

-11 3 

+ 30 

- 7 

0 

-16 7 

42 

4t 

-18 7 

-21 7 

+ 1 

5 

- 1 3 

si 

Average 

-14 9* 

-10 2 

- 3 

2 

- 8 8 



is = Survived until sacrificed 

t Preoperativ e blood volume estimated as 10% of the dogs weight in kilograms Preoperative plasma 

volume calculated from preoperative blood volume and hematocrit 
* Calculated for Dogs 5-9 inclusive 

Examination of the loops from surviving animals showed that venous 
collateral supply to the damaged segment was provided from three sources 

(a) The omentum, which was usually found adherent to the damaged 
segment 

(b) The mesentery of the damaged loop showed numerous functioning 
venous channels, evidently submacroscopic vessels, not detectable in the 
mesentery at the time of venous occlusion, which had become dilated 

(c) Adherent neighboring loops of bowel v Inch oozed freely when 
separated Gross inspection of the damaged loops at the time of sacrifice 
showed slight mottling, a somewhat larger luminal diameter, less active 
peristalsis than adjacent loops The mucous membrane was intact and the 
mesentery showed some fibrosis 

Sections for microscopic study were taken at varying intervals after 
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operation m the treated group Examination of these sections yielded the 
following information 

Twenty-four hows aftei opeiahon Ulcerative necrosis of the mucosa 
with pol} morphonuclear infiltration Tissue from submucosa to serosa 
hemorrhagic but relatively intact Piocess of repair evident m deep portion 
ot mucosa and m muscularis Lymphatics distended Arteries contracted 
No bacteria seen 

Thee days aftei opeiahon Massive hemorrhage into the mesentery, 
the entire musculans and between mucosal glands and mucularis mucosae 
Superficial portion of the villi edematous In places superficial necrosis of 
the mucosa and replacement with granulation tissue Fibrin deposits on 
the serosa Almost complete absence of thrombosis 

Six days aftei opeiahon Hemorrhage into mesentery and the muscu- 
Ians Fibroblasts and lymphocjtic infiltration of the mesenter) and sub- 
mucosa The venules and capillaries of the submucosa distended Ex- 
tensive slough of mucosa with granulation tissue replacement Fibrin de- 
posits on thickened serosa No evidence of thrombosis 

Ten days aftei opeiation Fibrosis, and lymphocytic infiltration of the 
mesenteiy, thickening and lymphocytic infiltiation of serosa The mucosa, 
submucosa and muscularis are not lemarkable 

Twenty-two days after opeiahon Lymphocytic infiltration of mesentery 
Occasional organized mural thrombus in mesenteric veins Intestine other- 
wise normal 

Thu ty days aftei opeiahon Except foi some thickening of the serosa 
at the site of adhesions and some fibrosis m the mesenteiy, tissue is indis- 
tinguishable from normal bowel 

Table III 

EFFECT OF CHEMOTHERAPV ON MORTALITV AND PERFORATION FOLLOWING VENOUS OCCLUSION 

OF A SO-CM LOOP Or ILEUM 


Group No of Dogs* 

I A No chemotherap> 23 

II A Intraluminal chemotherapy at time of venous 

occlusion (succinjlsulfathiazole) 9 

II B Intravenous chemotherapy for 24-48 hours 

following venous occlusion (sodium sulfathi- 
azole) 8 

I B Preoperative chemotherapy (succinylsulfathi- 

azole) 1 6 



Perforation Rate in 

Mortahtj Rate 

Animals that Died 

87% 

75% 

66% 

0 

50% 

0 

25% 

0 


* Average weight in different series 9 3 - 10 4 Kg 

Gioup II Venous Occlusion With Simultaneous Chemotherapy 

(A) Local Instillation of Succinylsulfathacole Of nine dogs in this 
group (II A, Table III) six succumbed in under 48 hours There were no 
perfoiations, howevei, in any of these six animals, although in two the 
wall was quite thm and gross peritonitis was present The remaining three 
survived, and showed the gross findings already described for survivors 
in Group I B 
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(B) Intravenous Sodium Sulfathiazole Of eight dogs (Group II B, 
Table III), which received intravenous therapy as described, four died, 
but, as in the locally treated group, no perforations were present The 
remaining four survived and showed, when. sacrificed, the usual findings 
seen in surviving animals 

Group III Strangulation Obstruction 

Of nine dogs with strangulation obstruction (released after 12-14 hours) 
which received an adequate volume of a blood substitute (gelatin) but no 
chemotherapy, none suivived, death occurring from gangrene of the loop 
and diffuse peritonitis Survival was less than 20 hours after release of 
the strangulation m all but two, which survived six days In the latter two 
autopsy showed peritonitis but no obvious perforations, the remainder 
showed perforations 

Of a similar series of nine dogs, which received chemotherapy as de- 
scribed, three survived and six died Two of the six which died showed 
perforations and peritonitis at autopsy , a third showed peritonitis too but 
no perforation, the loop having apparently recovered , two more showed 
no perforation but gangrene was present, while the sixth showed neither, 
and died of bilateral pneumonia Of the nine treated dogs, therefore, the 
chemotherapy prevented death in three, perforations in seven and peritonitis 
in five The survival time m the five which died was 2, 4, 4, 2 and 5 days 
as compared to an average of 20 hours for the dogs not receiving sul- 
fonamides The three surviving dogs showed a remarkable degree of 
recovery of the loop All layers of the intestine showed a somewhat dusky, 
deep brownish-red discoloration , there was slight edema of the mucosa 
which, however, was intact throughout The mesentery was slightly cloudy 
and thickened, and the serosal surface of the intestine showed patches of 
fibrin in addition to easily separated adhesions 'between adjacent surfaces 
The only evidence of ileus was very slight dilatation of the pioxnnal 
intestine m a few of the dogs The vascular supply to the loop was ap- 
parently normal by gross inspection 

In view of the fact that the loop in 87 per cent of the dogs not re- 
ceiving sulfonamides showed paitial to complete necrosis, the protective 
effect of chemotherapy is obvious 

Discussion — Numerous quantitative studies 13, 14 have demonstrated 
that severe vascular damage to the intestine can be rapidly fatal from loss 
of blood volume alone For the clinical surgeon, the therapeutic problem, 
therefoie, is made somewhat less difficult by the provision of blood volume 
leplacement But the primary lethal factoi of secondary infection through 
a peimeable bowel wall remains so that resection not onl) of devitalized 
but of questionably viable loops constitutes a cardinal principle in the 
surgical treatment of strangulation and of mesenteric thrombosis 

The remarkable feature of sulfonamide action in the experiments de- 
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scribed is their apparent ability to forestall complete necrosis Piesumably, 
they do so by suppressing the thrombotic action of tissue juices or bac- 
terial products m an area of threatened devitalization and so allow time 
for effective collateral supply to become established The microscopic evi- 
dence m surviving animals is that remarkably little thiombosis is evident 
in the obstructed veins, whereas m the one microscopic section of an earl) 
stage m the lapid disintegration of a loop m ail untieated dog, thiombosis 
of the veins was widespread 

There is no evidence to assume that the protective effect of the sul- 
fonamides m these expenments is achieved by any othei mechanism, eg, 
one which might directly or indirectly prevent a substantial tall m blood 
volume No significant fall m blood or plasma volume was obsetved m 
treated or untreated dogs with simple venous occlusion, while m strangu- 
lation obstruction the loss m blood volume was adequately replaced m the 
treated and untreated series Advance chemotheiap) might have provided 
for more protection than was obtained in these sti angulation expeiiments 
But while such data should be secured, they have little piactical bearing 
on the clinical problem of sti angulation, since it is not a condition that 
can be anticipated 

The foregoing experiments suggest the potentialities of sufonamide 
therapy The maximal effect possible with the lelatively insoluble sul- 
fonamides can be secured m elective knvel surgery Since they lequue 
at least several days to produce a substantial bacterial depopulation of 
the intestine, their administration w-ould not be appropriate in acute con- 
ditions in which vascular damage is already piesent, unless peritonitis may 
be anticipated, eg, in incomplete, but diffuse, mesenteric thiombosis, in 
which viability is problematical and in which resection is not advisable 
because of too extensive involvement of the intestine The soluble sul- 
fonamides have a certain limited usefulness at, and subsequent to, the time 
of operation for a strangulation, w'hich is released but not resected, as the 
experiments of Groups II and III indicate, since perfoiation is frequently 
avoided by their use Their administration m conjunction with the local 
instillation of the less soluble sulfonamides may be of not inconsiderable 
value m elective bowel surgery For if a point m a sutuie line becomes pai- 
tially devitalized because of a technical error 01 an una\oidable postopeia- 
tive complication, the threat of peritonitis may be forestalled if bactenal 
permeation is kept to a minimum by these agents 

CONCLUSIONS 

1 The lethal effect of the simple vascular occlusion produced m these ex- 
peiiments is not attributable to a ciucial fall in blood volume, but to 
peiitomtis with, or without, gross peifoiation 

2 The piotectne effect of succmylsulfathiazole is maximal when applied 
well m advance of pioduction of the vasculai injur), while chemotheiap) at 
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the time of, 01 subsequent to, the pioduction of the vascuki mjuiy is also 
effective but to a distinctly lesser extent than advance chemotherapy 

3 The data suggests the probable usefulness of chemotherapy m cor- 
lespondmg clinical states m man 
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DIVERTICULITIS OF THE CECUM A METHOD OF MANAGEMENT 
C\pt Stanley Frehling, M C , A U S 

SURGICAL SERMCE, STATION HOSP'TAL CAMP CARSON, COLORADO 

Diverticulitis or the cecum is larely included m discussions of diveitic- 
ulitis of the colon since the foimei is chaiacteristically sohtaiy and appeals 
to be a distinct entity In lecent }eais the subject has leceived consideiable 
space m the hteratuie Schnug, 1 m 1943, leviewed 31 cases and added six 
of his own In 1938, Bennett-Jones 2 had been able to collect but 19 cases to 
which he added thiee 

Most cases of divei ticuhtis of the cecum occur befoie the age of foil), 
and one-thud of the cases have had pievious attacks Almost mvanably, 
the preoperative diagnosis is acute appendicitis Rarely is the diagnosis of 
diveriiculitis made befoie celiotomy 1 

At operation one may encountei a peiicecal mass which is lecognized 
as inflammatory, and palpation through the opposite cecal wall may leveal 
the mouth of a divei ticulum Often an inflamed 01 gangienous diverticulum 
is obvious Sometimes, the pathologic piocess becomes so tumefied and 
involved with enlaiged mesentenc lymph nodes that the suigeon thinks he 
is dealing with a malignant tumor 

From the leviews, 1 ’ - and fiom the case iepoitsA 4 ’ c it is evident that 
agieement as to the most satisfactoiy suigical approach has not been reached 
Schnug advised chemotheiapy without attempt at lesection, on the basis of 
the tendency foi the lesion to dram into the bowel and subside Jonas 
leports that it has been then practice to resect the entire right colon and 
cecum with an lleo-transverse colostomy Others lecommend conseivative 
suigery from simple drainage to local excision of the divei ticulum and closuie 
of the cecum 

The edema and thickening of the sunoundmg cecal wall make local excision 
of the diverticulum difficult and closure hazaidous This is true whethei 
the diverticulum be mildly inflamed or stiangulated, and with or without an 
attached mflammatoi y mass 01 abscess To 1 esect a lai ge segment of the bow el 
for*so benign a lesion seems most ladical On the othei hand, to close the 
abdomen without attempting to eiadicate the lesion and thus chance perfoia- 
tion challenges one’s couiage 

Case Report— Hosp No 28696 Age 37 The patient was well until the day 
before admission u'hen he experienced epigastric discomfort which later shifted to the 
right lower quadrant There was no nausea, vomiting or diarrhea On the morning 
of admission, the pam was more severe and w'as accompanied be anorexia On plnsical 
examination, there was moderate tenderness 111 the right lower quadrant, maximum to 
the right of McBurney’s point A minimal amount of muscle spasm was present, and 
upon hyperextension of the right thigh, the abdominal tenderness became more pro- 
nounced Rectal tenderness was absent The leukocAte count was 12,800, with 77 
l>ei cent polymoi phonuclcars, 19 pu cent ljmphoc\tcs and 4 per cent liionocj tes Hemo- 
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globm was 14 Gm The uranalysis was negative Clinical Diagnosis Acute appendicitis, 
probably retrocecal in position 

Opciation — Under spinal procaine anesthesia, later supplemented by intravenous 
sodium pentothal, the abdomen was opened through a conventional McBurney incision 
A mass was felt in the postenor wall of the cecum which, after delivery into the 
wound, had the appeal ance of a neoplasm, incorporated in the cecal wall (Fig 1) No 
crater was felt by palpation through the wall of the cecum The serosa was divided 
and dissected off the tumoi to its penpheiy where it appeared to diffuse with edematous 



Fig 1 — Schematic drawing of lhocecal region indicating the relative size and position 

of tumor of cecum 

cecum (Fig 2 A) An incision was made into the tumor foi biopsy, and upon incising 
for a depth of about seven millimeters a firm black mass was encountered (Fig 2 B) 
The hard shell was further incised and dissected from the new structure, which, when 
completely exposed, appealed as a gangienous mass surrounded at its base by normal 
mucosa (Fig 3 A) It was then apparent that the mass was a strangulated diverticulum 
The granulomatous tissue, covering the diverticulum, was cut away, and the peritoneum 
was sutured to the serosa and thickened wall of cecum around the diverticulum (Fig 
3 B) The remainder of the wound was packed with vaselined gauze and, thus, the 
diverticulum was exteriorized 

Fecal material began to dram Irom the wound on the third dav, and the patient s 
condition was good throughout a relatively uneventful convalescence Two weeks 
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To leave a gangienous chvei ticulum, paiticulaily aftei it had been exposed, 
would violate the pnnciples of good suigical judgment Subsequent peifora- 
tion would be disastrous Extiapentoneahzing the immediate site of the 
diverticulum, thus sealing the pentoneum aiound its base, assures an un- 
complicated cecostomy In 48 to 72 hours the gangienous diverticulum will 
slough 01 can be opened veiy simply 



Fig 3 — A Incision into tumor extended and granulomatous wall dis 
sected awaj from diverticulum Normal mucosa surrounds base of diverticu 
lum B The granulomatous wall has been cut awaj, and the cecum returned 
to the peritoneal cavity The peritoneum has been sutured to the granulom 
atous wall of cecum around base of diverticulum 

In the absence of obstruction, the fistula should close spontaneously The 
time required for this will undoubtedly depend upon the amount of inflam- 
matory thickening of the cecum It is possible that occasionally secondary 
closure of the cecum will be necessary 

It seems that the procedure described is applicable to most instances of 
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diveiticuhtis of the cecum, unless peifoiation and abscess fonnation have 
taken place Obviously, these cases should he diained 

SUMMARY 

1 The diverticula of the cecum are characteristically solitaiy 

2 At operation, many are mistaken foi a malignant tumor of the cecum 
because of accompanying inflammatory mass 

3 The hteratuie on the subject displays a variance of opinion as to the 
best surgical approach 

4 A case is presented, and illustrated, to demonstrate the difficulty m 
recognizing the pathology and the coriective procedure employed 

5 Extiapentoneahzation of the immediate site of the lesion as a pre- 
cecostomy rs suggested as the ideal method of management m most cases of 
solitary diverticulitis of the cecum 
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The extraordinary condition vaiiously termed by different writers 
polyposis, polypoidosis, multiple adenomatosis or multiple polypoid disease 
of the colon is a malady sm gencns, and is distinctly different from cases of 
single or multiple polypi lesultmg from lintative 01 infective influences 

Virchow, 1 m 1S63, first descubed this curious and rare disease, and 111 
1882, Hamson Cupps 2 lepoited a case All of the literature since the publi- 
cation of the lattei until 1930 i\as leviewed by Cuthbert Dukes 3 in the Cancer 
Review foi Apul, 1930 During the intei vening years to date, reports of 
single 01 small senes of cases have appealed in the liteiatuie fiom time to 
time In 1942, C W Mayo 4 reported that in postmoi terns of 334 patients 
who had died of pnmaiy carcinoma of the colon or rectum, eight showed 
multiple polypi The senior authoi saw only two such cases on the rectal 
and colon seivice at the U S Naval Hospital, Philadelphia, during a thiee- 
yeai tom of duty, 1937-1940 One of these patients had developed two 
sepai ate and distinct malignancies in his colon pnoi to the time of his 
lepoitmg to the hospital The jumoi author has seen two cases of heiedo- 
famihal multiple polypoid disease in his pnvate woik — a mother, age 60, 
and hei daughtei, age 25, both of whom died of extensive caicinomatosis 
Buie, 5 in leviewing his senes of 1234 cases of polypoid disease seen ovei a 
mne-yeai peuod, that is, 1925-1934, bioke this senes down into three groups 
as follows 

Gioup I One or only a few polypi — 1069 

Gioup II Multiple polypi associated with inflammatory disease of the 
colon — 1 10 

Gioup III Multiple polypoid disease of the entire colon — 55 (01 4 pei 
cent of the entne series) 

McLaughlin, 5 in 1943, stated that 331 cases had been leported m the liteia- 
tuie since V irchow 7 ’s original report m 1863 

The disease, although occuiung infrequently, is of great importance 
because of its piochvities as a relentless killer Those so afflicted are almost 
certain to die of cancel at an eaily age unless ladical surgeiy is instituted 
eaily It is a familial or inheritable disease tiansmitted by both sexes and 
attacking both sexes It appeals to behave as a mendehan dominant 

J P Lockhait-Mummeiy, 7 of St Mark’s Hospital, London, points out that 
an intei esting feature of the disease from the standpoint of its being hereditary 
is that it differs from most hereditaiy diseases such as hemophilia, albinism, 
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deaf-mutism, etc , m the lespect that childien aie not bom with it but tend 
to develop the condition about the tune of pubeity 01 dui mg eaily adult 
life In a few r cases it may not develop until eaily middle age On this 
score it is smulai to herechtaiy amauiotic family idiocy, 01 hereditai} 
optic atrophy 

In his classical discouise on the origin ot cancel, Lockhait-Mummeiy has 
gone on to contend that m the light of oui recent knowdedge of biology a veil 
has been lifted and that the way may soon be clear to an establishment of the 
fact that many diseases of hitherto unknown origin may be shown to have 
as an underlying 01 antecedent factoi this same kind of genetic background 
The crux of the wdiole matter is held to depend upon the tendency tow aids 
a genetic mutation of somatic cells Just wdiere the mutation started is 
difficult m most instances to say In the case of hemophilia, it seems fairly 
certain that it began m some ancestor of the Coburg royal family several 
hundred yeais ago In adenomatosis, as m other diseases of genetic oiigm 
the lesults of a mutation of the genes may appear m succeeding geneiations 
either as dominants or recessives , if as a mendehan dominant, the disease w ill 
tend to occui in every generation This is tiue of adenomatosis If the 
condition is a lecessive it wall be necessaiy for both parents to canv the 
mutative genes This ma> not occui for a gieat many generations and the 
heieditaiy factoi will consequently m all probability not be recognized 

It appears reasonably clear in adenomatosis that the hereditai y factor 
consists of the tendency of the epithelial cells of the laige bow r el to pi ohf eiate 
This occurs in the majonty of cases at an early age and lesults in the 
development of countless simple adenomata, any and all of w'lnch cairy the 
potentialities of developing, with tune, into an adenocai cinoma by leason of 
further imposed mutation of its component cells 

This explanation may seem fantastic to some, and to fall into a categoiy 
belonging to the leahn of logomachy In any event, the two unpoitant 
facts which seem to have been conclusively pi oven and which must be accepted 
are that first, adenomatosis or multiple polypoid disease of the colon is an 
inheritable condition, and, second, that malignant supervention is inevitable 
at an early age in practically ioo per cent of such cases The first of these 
truths constitutes a distinct indication foi investigating othei members of a 
family, one member of which is found to be so afflicted The second con- 
stitutes a justification foi the institution ot such a formidable opeiative pro- 
ceduie as total colectomy wduch was done m one of the cases here reported 
(Figs 3 and 4) 

When the polypi in the lectum and lectosigmoid are not too numerous 
to permit their lemoval by figuration through a sigmoidoscope certain!} 
the operation of choice is to perform a side-to-side lleosigmoidostoni) , as a 
first stage and seveial weeks latei a lesection of the short-circuited large 
bowel as the second stage of a two-stage operation This was done 111 the 
second case of our senes (Figs 8 and 10) 

While pioctosigmoidoscopic examination will ie\eal the presence of 
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polypi in the majonty of instances, no patient should be considered con- 
clusively examined until a loentgenologic study of the colon has been made 
The impoi tance of a contrast film following the injection of air after the 
barium has been evacuated cannot be overemphasized This fact is strikingly 
1 evealed by the 1 oentgenograms shown in connection with this report (Figs 
i, 2, and 7a, b and c) 


CASE REPORTS 

Case i- — K C W, age 28, a Water Tender First Class, was admitted to the 
proctologic service of the U S Naval Hospital, San Diego, Calif, March 1, 1943, 
with an established diagnosis of hemorrhoids 



Tic 1 — Case i (R C W ) Roentgenogram of large bowel showing parti il 
eradiation of cnenn Adenomatosis indifferently shown 


The patient had noticed occasional bleeding from the rectum, and the occasional 
protrusion of a soft mass from the anal outlet for a period of ten months During 
the past two years he had passed four to six soft to watery stools daily 

On digital examination of the rectum there was noted a soft, polypoid mass on 
the anterior wall of the lower third of the rectum Proctosigmoidoscopy to a distance 
of 24 cm revealed numerous poljpi and polypoid masses, small to medium size, as 
far as examined No normal looking mucosa was seen Specimens of tissue were 
obtained for microscopic study General physical examination shoved nothing abnormal 
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Roentgenologic, studies of the tippet gastio-intcstinal tract weie negative Ihe 
loentgenologist’s icpoit of Ins study of the eolon is quoted m full 

“Roentgenologic examination of the large bowel by barium enema shows no delaj 
to the passage of barium Howecer, theie are numeious smooth, intrinsic filling 
defects visible throughout the colon from the rectum to the cecum These measure about 
o 5 to i cm in diameter and appear to be in proximity to one another, so that almost the 
entire mucosa is invoiced Theie is verv little normal intervening mucous membrane 



i 


i V • 

~ *T 

Fig 2 — Case i (KCW) Following inflation of colon with nr, extensile 
pohpoid disease is revealed 

“Films taken after the evacuation of barium and following the introduction of air 
into the bowel show the above described polypi to mvolc e the entire mucosa of the colon 
(Figs i and 2) 

“Impression Polyposis of the entire colon 

The diagnosis was changed from hemorrhoids to poljpi, multiple, colon 

The Tumor Board, upon reviewing this patient’s problem, concurred in our recom- 
mendation that a complete colectomy be performed 

On May 10, 1943, a single-barrel ileostomy was established under spinal anesthesia 
supplemented by intravenous anesthesia (sodium pentotbal) Concalescence ccas rapid 
and uneventful (Fig 5) 
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On July 17, 1943, the second stage was undei taken The large bowel was removed, 
including ileal stump, cecum, ascending, transverse, descending, and sigmoid portions 
of the colon as fai as the rectosigmoid The rectosigmoid was left buried beneath the 
reconstructed pelvic floor A dram left in the hollow of the sacrum was brought out 
thiough a stab wound near the tip of the coccyx Ten grams of sulfanilamide were 
placed in the coelomic cavity Anesthesia compnsed continuous spinal and intravenous 
sodium pentothal 



Tig 3 — Large bowel Case r (K C W ) Mucosa was studded with myriads of polypi, however, 
photographic scale is too small to show indi\idual lesions 


Convalescence from this extensive procedure was uneventful until July 31, 1943, 
when the patient developed severe abdominal cramps and pain The ileostomy suddenly 
ceased functioning Attempts to pass a Miller-Abbott tube beyond the stomach were 
unsuccessful Roentgenologic examination of the abdomen was suggestive of intestinal 
obstruction 

On August 1, 1943, an exploratory celiotomy was done and a loop of ileum was 
found adherent to the parietal peritoneum in the right upper quadrant and obstructed 
A small abscess was discovered at the site of obstruction The adherent bowel was 
freed, a cigarette drain was placed through a stab wound, and sulfanilamide crjstals 
were placed in the abdominal cavitv Convalescence from this emergencj procedure was 
uneventful 

On September 2, 1943, several small sessile poljpi m and about the lleostomj 
stoma were destrojed by means of fulguration The terminal ileum was examined 
to a distance of 14 cm by means of the small caliber proctosigmoidoscope No other 
polypi were noted 
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On October 7, 1943, the final stage was undertaken— a perineal excision of the 
rectosigmoid, lectum, and anal canal (Fig 4) Technically, this was indeed difficult 
because of the unusually long period of time between the second and third stages, 
occasioned by the suigical tieatment of the acute intestinal obstruction 

All specimens were examined carefully The pathologist reported no eudence 
of malignancy 



n G 4— Pen drawing of rectum. Case i (KCW) Showing multiple pohpoulosis 


The patient’s comalescence was satisfactory following the perineal excision The 
perineal wound healed completely and bladder function was normal Idc was ultimately 
discharged to limited duty wearing an ileostomy bag There was no skin irritation 
around this lleostomj (Fig 5) and the intestinal excreta had become scnnsolid 111 
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consistency The manner in which this patient became reconciled to his ileostomy and 
adapted himself to the use of an ileostomy bag was indeed gratifying 

This patient piesents an intei esting and suggestive family histoiy (Fig 6 ) 
We should like an oppoitunity to examine the tlnee sisters who aie said to 
be living and well , such examination has been advised 


I 

t 

t 


! 


Fig s — Case i (K C W ) Single barrel ileostomy 



DIEDAT36 LIVING LIVING LIVING PATIENT 
CANCER AND UELL AND LJELL AND DELL ADENOPWDSIS 
Bowel AT 35 AT 33 AT 30 AT 28 

Fig 6 — Diagiam of familj histor> of Case i (K C W ) 

Inasmuch as the patient is mai 1 led the question arises as to the advisability 
of his having children, m view of the mendelian possibility of Ins offspring 
developing polypoid disease of the large bowel 

We believe that this patient is peimanently cuied and that several factois 
have contributed to the successful outcome (i) It w f as fortunate that 
the patients polypoid disease was discoveied befoie demolish able malignant 
changes had developed (2) The patient's attitude and willingness to co- 
operate w'ere maivelous When this man was confionted with the facts con- 
cerning his disease and the serious nature of it and the veiy definite risk the 
ladical suigical tieatment entailed, he promptly made up Ins mind that he 
ready foi tieatment and that he was going to get w'cll One could not 
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Tig 7a 


Fig 7b 




Fig 7 c 


Tig 7a — Roentgenogram, 
gestion of poljpi is discernible 
Fig 7b — Case 2 (J G ) 
segments of large bowel 

Tig 7c — Case 2 (J G ) 
is striking!* demonstrated 


Case 2 (J G ) Showing large bowci filled with barium Onh a sug 
Following partial evacuation of barium, polvp. become evident ... several 
Following inflation of bowel with air presence of multiple polvpo.dosis 
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ask foi a jiatient in bettei physical condition and m a better frame of mind 
(3) In all foui stages of the surgical management, the teamwork of surgeon 
and anesthetist was most satisfactoiy 

Tig 8 
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Tig 8 —Large bowel Cnse 2 (J G ) Showing multiple adenomata 

ric 9 —Segment of transverse colon. Case 2 (J G ) , taken under water Showing countless adenomata 

Case 2 — J G , age 3S, an Apprentice Seaman, was born m Tepeyjanez, Mexico 

He entered the United States Navy, July 3, 1943 , as a Mexican national He was 

admitted to the sick list, December 27, 1943, with a “Diagnosis Undetermined (colitis, 
chronic) ” His chief complaints weie recurring abdominal pain, occasional vomiting, 
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and diarrhea at intervals (4~5 stools daily) for five jears — stools sometimes contained 
blood In 1939, he was examined roentgenologically twice, the second examination was 
thought to indicate the existence ot a stomach ulcer This, however, was ne\er con- 
firmed Family history was suggestive of a carcinomatous predisposition The mother, 



Fig 10 — Case 2 (J G ) Roentgenogram showing functioning ileosigmoidos 
tomy after large bowel had been removed 



Tig ii — C ase 2 (J G ) Diagram of famih lnstori 

one brother and one sister w'ere said to hate died of cancer of the stomach One 
bi other, recently hospitalized, w'as said to hare cancer of the stomach 

Ph} sical examination upon admission mealed a swarthr Mexican of medium 
stature Tenderness, wnth muscle guarding, w-as elicited in all abdominal quadrants 

97 



PUGH AND NESSELROD 


Anmls of Surgery 
January 1945 


Proctoscopic examination revealed internal hemorrhoids, Grade 2, and numerous small 
sessile polypi, with intervening mucosa of normal appearance There was no evidence 
of an ulcerative colitis Barium enema and roentgenologic study revealed a honeycomb 
irregularity of the barium contour of the colon throughout its entire extent, but the 
departure from normal was slightly more prominent in the left half of the large bowel 
After evacuation of the barium, air injection of the colon strikingly demonstrated almost 
complete coverage of the mucosal lining with rounded granulomata or small polypi 
averaging 3 Mm m diameter These changes were minimal in the cecum and ascending 
colon, but from the hepatic flexure to the upper rectum there appeared to be more 
involved mucosa than uninvolved space between (Fig 7a, b and c) It was interesting 
to note that 111 spite of this Extensive involvement, there was an average tone to the 
large bowel, the diameter of which was average in size and normal haustration and 
mass movements were observed Irritability and tubular configuration of this bowel, 
the characteristic signs of colitis, were constantly absent Gastro-intestinal roentgenology 
revealed no evidence of cancer in the upper G I tract. The duodenal cap showed 
a deformity along its lesser curvature side There was no ulcer crater demonstrable 
on the lesser curvature Within four hours the stomach had emptied completely, 
demonstrating the absence of obstruction The small bowel appeared to be normal 
The findings suggested scarring of the cap as a result of an old healed duodenal ulcer 
Oial cholecystograph showed a normally functioning gallbladder and no evidence 
of stones 

Through the sigmoidoscope all of the adenomatoma from the pectineal line to the 
pelvic sigmoid were fulgurated and following healing the bowel mucosa was free of 
evidence of polvpoid disease 

On January I, 1944, under spinal anesthesia and through a suprapubic incision, a 
side-to-side lleosigmoidostomy was established between the terminal ileum and the 
pelvic sigmoid (Fig 10) The patient’s convalescence following this operation was 
uneventful The opeiative wound healed by first intention, and aside from a diarrhea 
amounting to from 5 to 10 stools daily which lasted about two weeks, the bowel function 
returned to normal and the bowel movements were reduced to an average of 2 to 3 
daily The patient was somewhat anemic and received several transfusions during the 
first three postoperative weeks 

The second part of his operative piocedure was planned for the latter part of 
February, however, an acute tonsillitis with peritonsillar abscess supervened and after 
the acute process subsided, the patient was transfeired to the Eve, Ear, Nose and Throat 
Service foi a tonsillectomy Tonsillectomy was done on March 29 

On April 20, 1944, under spinal anesthesia through a long left rectus incision, the 
terminal ileum was divided The distal end of the ileum was closed and a colectomy 
which included the entiie large bowel from the cecum to the site of the sigmoidal 
anastomosis with the ileum was performed (Fig 8) The proximal end of the sigmoid 
was closed The peritoneum and rectus fascia were closed with interrupted stainless 
steel wire sutures Healing of the operative wound was again by first intention, and 
save for a temporary thieat of small bowel obstruction following this operation, 
the patient’s convalescence was uneventful Bowel function was not interrupted He 
was allowed up and about on the tenth postoperative day and within a month the patient 
was entirely symptom free subjectively and he was having one or two formed stools daily 

Gross examination of the excised colon revealed an 80-cm segment including a 
stump of ileum, the cecum and appendix with omentum attached to the midsegment of 
the bowel The mucus surface was studded with multiple polypi varying in size from 
pinpoint to 1 5 cm in diameter, some were attached to long pedicles (Figs 8 and 9) 
At the splenic flexure of this bowel segment, in the mesentery attachment, there was a 
large area of induration 10 x 5 cm This was separate from the bowel wall lhe 
mucosa adjacent to this area was not different from the rest Microscopic examination 
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ic\ ealed no exidencc of malignant dcgeneiation m any of the seveial polypi examined 
The above referred to indurated mass showed no evidence of malignancy but consisted 
rather of fibrous tissue m which thete was slight perivascular lymphocytic infiltration 
The patient’s familj lustorx is diagrammatically illustrated in Figure 11 

CONCLUSIONS 

1 Multiple pohpoid disease of the colon is an mhentable condition at- 
tended by an extreme piedisposition to malignant degeneration early m life 

2 The impoitance of the use of banum enemata and a conti ast him follow- 
ing injection of an as a diagnostic measme is emphasized 

3 Radical suigical intei vention, namely, total colectomy, is wai ranted, 
and cames w ith it the onh hope of peimanent cine 

4 Ileosigmoidostoim iollowed b\ lesection of the mtei veiling segment 
maj be done m lieu of total colectomy in cases wheie the lesion m the lectum 
and lectosigmoid can be lemoved by fulguration 

5 Two case icpoits aie added to the hteiatuie The fust is illustiative 
of one, the second of the othei of the suigical pioceduies refeued to 
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Thrombosis of the splenic and portal veins is a not uncommon, though 
often unrecognized complication following splenectomy 1 ’ 2 ’ This opeiation 
is occasionally followed by fevei, sometimes chills and sweats, vague gastro- 
intestinal symptoms including abdominal pain, nausea, vomiting, and dis- 
tention which aie piolonged and not easily accounted for It is suggested 
that m many of these cases some degree of pylethrombosis exists 

Oidinanly the gastio-intestmal symptoms persist for only a shoit time 
then cleai and the patient recoveis It is possible that readjustments m the 
portal blood flow made necessary by lemoval of the spleen, partial thrombosis 
of the portal vein 01 its tributaries, or both, may account for the symptoms 
The subsequent disappearance of symptoms may be explained on the basis 
of establishment of collateral circulation 01 lecanahzation of the throm- 
bosed vessels 

The hteratuie contains numerous refeiences to the subject of portal vein 
thrombosis 0 In the mam, these are concerned with the medical aspects 
of the problem The hteiature on thrombosis following splenectomy has been 
well summanzed by Davis and Sharpe 7 This complication seems most likely 
to occui in splenic anemia In 1895 Delatour 8 lepoited a case which dem- 
onstrated this complication Mayo 0 stated in this regaid “Of the ten pei 
cent of patients who died in the hospital following splenectomy the majority 
died of piogiessive tin ombophlebitis extending fiom the splenic pedicle into 
the poi tal vein ” 

The studies of Rosenthal, 10 and otheis, 11, 12 have indicated the importance 
of the platelet count in piedictmg the chances of thrombosis postoperatively 
m this disease The thiombocytopemc gioup seemed to lecover without 
incident, while those in the thrombocythemic group had a high incidence of 
portal thiombosis 

Davis and Sharpe 7 leported a case of splenic and portal vein thrombosis 
following splenectomy foi* hemolytic jaundice So far as we aie able to 
determine, this condition has not been reported as a postoperative complication 
in thrombocytopenic purpura 

Ehason and Stevens 13 report no deaths fiom poital thrombosis in a large 
series of cases subjected to splenectomy for splenic anemia, thiombocytopemc 
puipura, and icteio-anemia 

Thrombosis of the portal vein has also been lejiorted following tiaumatic 
ruptuie of the spleen in which no opeiation tvas perfoimed 11 One gets the 
impression from A’arious tvriters that splenic \ r em and portal \ r ein thrombosis 

+ On active duty with the United States Navy, Lieutenant, MC, U S N R 

f O11 active duty with the United States Navy, Lieutenant (j g ), M C , USNR 
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is a. fiequent complication of splenectomy m genet al Howevei, so fai as 
we can asceitam no cases ha\e been lepoited m which this complication 
followed the lemoval ot a luptmed spleen We believe the piesent case 
repiesents an instance of poital thiombosis subsequent to lemoval of a 
iuptuied spleen which, in turn, precipitated an acute cholecystitis on the 
basis ot a picMoush diseased gallbladder It seems likely that intei feience 
with \eiious diainage was sufficient to cause edema and infaiction of the 
gallbladdei wall and this togethe’ with stones led to obstiuction of the 
c\ stic duct 1 his conception of the pathogenesis is in agi eement w ith the 
teachings ot the late Edmund Ancliews n Death lesulted fiom shock and 
hemorrhage following cholecystectomy 

Simonds'’ m a compiehensne ie\iew ot the subject ot portal thiombosis, 
stated “alteiations in composition ot the blood, slowing of the blood flow 
and injury to the lining of the vessel have been accepted as the fundamental 
tactois of causation ot thiombosis m general since the pioneei but thoiough 
work of Cohnheim and Welch 

The factors piechsposing to thrombosis cited by r Simonds, which seem 
to be of impoitance in the present instance are 

(1) Alteration m the composition of the blood The presence of a marked platelet 
increase follow mg splenectotm ranging up to about i 500,000 on the eighth day is demon- 
strated in the report of Rousselot and Illyne 1 '* Thrombocytosis and leukocytosis are 
said to persist 1T Other factors to be considered are operative shock, dehydration, and 
alterations in scrum proteins 

(2) Alteration 111 portal blood flow occurs by virtue of the ligation of the splenic 
\cm It is estimated that normally about 20 per cent of the portal blood volume is 
carried by the splenic vein (Burton-Opitz, Mayo) Removal of tins supply results in 
decreased portal flow One would anticipate thrombosis of the distal portion of the 
splenic vein Should the process progress it seems clear that the portal vein may be 
involved by thrombosis or embolism stemming from the splenic vein 

(3) Alteration in the wall of the splenic vein secondary to operative trauma This 
factor may vary according to the technical difficulties involved There is no doubt 
that tissue trauma is greater when the spleen is large, adherent, or otheivvise difficult to 
remoie It is to he expected that splenectomy under emergney conditions may be some- 
what more traumatic than in the elective operation 

(4) Inflammatory changes in the splenic pedicle 01 adjacent 'structures resulting 
from the initial trauma to the abdomen or from absorption of the tissue of the splenic 
pedicle, blood dots, etc In some instances local sepsis may contribute to thrombosis 
of the splenic vein or portal vein 

(5) Previous diseases of the portal vein such as phlebosclerosis and syphilis may 
provide sufficient basis foi thrombosis when other factors are superimposed 

Case Report— A R , white, male, age 35. a shipyard worker, entered Providence 
Hospital February 21, 1943 Five hours before admission the patient had fallen across 
an iron rail striking his left lateral costal margin He stated that moderately severe pain 
occurred immediately and he felt “knocked out ” Later the pain became generalized, but 
was especially marked in the left upper quadrant There was pain on movement or 
deep inspiration, but no paw referred to the left shoulder There was no nausea or 
vomiting 

The past history revealed that the patient had been perfectly well except for an 
attack of acute abdominal pain which had been diagnosed gallbladder trouble in 1937 
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Physical Examination— Temperatuie, 98° F, blood pressure, 106/60, pulse, 100 
The patient was pale and perspiring profusely Consideiable pain was noted on 
inspiration Over the left 10th rib in the midaxillaiy line there was an area of ecchymosis 
2 s cm in diameter Theie was no evidence of fracture of the rib The lung fields 
were clear The heart was not enlarged The tones were somewhat distant, but 
there were no murmurs The abdomen was slightly distended and tympanitic to per- 
cussion There was some bulging of the flanks, but neither shifting dullness nor fluid 
wave could be demonstrated The extremities were normal The remainder of the 
physical examination revealed no changes 

Laboiatoi v Data — Hemoglobin, 93 per cent (1283 Gm ), R B C, 4,290,000, W B 
C , 14600 Differential count PMN 64, staff cells 18, small lymph, 11, monocytes 7, 
stdin entation rate 1 Mm in 15 mm , 8 Mm in 45 min Urine showed albumin 2 plus, 
pus cells 2 plus, red cells negative and bacteria 1 plus 1 he Kahn test was negative 
Examination of the blood three hours after admission revealed that the hemoglobin 
and red cell count were essentially the same, but that the white blood cell count had 

risen to 16,500, and the P M N ’s were reported as 72 and the staff cells 16 

It was our impression that the patient had a ruptured viscus, almost certainly the 

spleen The patient was obseived for a period of three hours during which time 

the signs and symptoms did not change appreciably He continued to have diffuse 
abdominal pam and tenderness, direct as well as rebound, especially in the lower abdomen 
The spleen was not palpable The pulse rate remained elevated The blood pressure 
showed no tendency to fall Because of failure to improve and the very suggestive picture 
of mtraperitoneal hemorrhage secondary to rupture of the spleen, operation was 
advised and performed 

O/ination — Under closed cyclopropane, oxygen and ether anesthesia, a long left 
upper rectus incision was made Many large blood clots together with a large quantity 
of free blood was encountered, chiefly in the region of the spleen The spleen was 
moderately enlarged and two deep lacerations v'ere present over its convex surface 
There was active bleeding from this area The liver appeared normal The gallbladder 
was not examined 

The spleen w r as delivered and its pedicle u'as doubly clamped and cut The pedicle 
was tied with No 2 chromic catgut transfixion sutures When complete, the operative 
field appeared dry and the blood clots were removed The w'ound was closed 

The patient received 1000 cc of 5 per cent glucose m normal saline in the operating 
room, and 400 cc of plasma following the operation His blood pressure dropped to 
84/56 toward the end of the procedure and remained at about this level during the night 
The following morning the hemoglobin was 75 per cent (1035 Gm ), and the red cell 
count 3,540,000 The postoperative course w'as characterized by frequent nausea with 
occasional emesis . A considerable degree of paratytic ileus with distention w r as 
observed from the second to the fifth postoperative day The patient had a disturbing 
cough and expectorated a moderate quantity of thick mucus from time to time, but 
there was no demonstrable atelectasis or pneumonia The temperature rose to 101 4 0 F 
on the day following operation, and slight daily elevations averaging about one 
to two degrees above normal w r ere observed until discharge from the hospital on the 
seventeenth postoperative day 

On the night prior to expected discharge from the hospital the patient complained 
of steady severe pam in the left upper quadrant together with profuse sweating and weak- 
ness This episode seemed to follow the ingestion of food The pam u'as not relieved 
by changes m position, but gradually disappeared after administration of morphine 
The following day the patient felt well and was discharged from the hospital, March 13 / 
1943, apparently recovered 

While at home the patient had recurring attacks of pam localized to the left upper 
abdomen The pains w’ere neier cramping in type nor was it associated w'lth nausea or 
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i minting Thc\ seemed to occur immediately after eating Theie was no disturbance 
in bowel function, and no significant use in temperature at this time There was no 
abdominal tenderness oi distention Because of persistence of pain the patient was 
readmitted on March 16, 1943 

Blood E lammahon — Hemoglobin, S6 per cent (1187 Gm), R B C, 4,610,000, 
W B C, 13,350, P M N , 54 , S L, 40, staff cells, 6 Sedimentation rate 20 in 15 
mm , 66 in 45 nun 

Roentgenograms of the chest showed slight elevation of the right leaf of the 
diaphragm, but the lung fields appeared normal, and one of the abdomen showed the entire 
colon to be filled with gas, but no evidence of small bowel distention 

It was our impression that the patient had a residual collection of pus or blood 
m the left upper quadrant and conservative treatment was outlined 

The following day the pain had shifted to the right upper quadrant and theie was 
definite tenderness and muscle spasm o\er the region of the gallbladder There was 
no nausea 01 lomiting The tempeiatuie rose to ior 4 0 F, and the pulse rose to 128 
per minute during the da\ The patient continued to complain of pain over the gallbladder 
area, and careful imestigation of his past history revealed that a similar episode had 
occuned in 1937 at which time the diagnosis of gallbladder disease had been made 
On March 22 slight jaundice w'as present The icteius index was 22 Under conserva- 
tne measures the patient gradually improved The pain and tenderness subsided and 
the jaundice disappeared 

On March 29, the blood examination showed W B C , S,6oo , P M N , 63 , 
P M E, 3, S L , 22 , mono, 6, staff, 6 Sedimentation late 32 m 15 min, 100 in 
45 nun The icteius index was 10 

The patient’s genet al condition appeared good He w'as prepared for operation by 
the administration of a high carbohydrate, high protein, and low fat diet as well as 
vitamin Iv and bile salts On March 31, 12 days after onset of acute right upper 
quadrant pam, operation was undertaken for subsiding acute cholecystitis, with probable 
cholelithiasis and choledochohthiasis The patient appeared to be a satisfactory surgical 
risk, how e\ er, it was later learned that he had repeatedly stated to others that he would 
not sun i\ e operation 

Opciation — March 31, 1943 — Anesthesia cyclopropane, oxygen and ether When 
the abdomen w'as opened through a right upper rectus incision, the gallbladder w'as found 
to be entirel} w'alled-off by dense adhesions between omentum and the duodenum The 
adhesions w'ere extremely vascular and bled freely on slight trauma The gallbladder 
was tense, dilated, and friable It appeared markedly inflamed and contained a 
number of gallstones The structures about the porta hepatis were, likewise, edematous 
and friable The cystic duct contained impacted stones The common bile duct felt normal 
to palpation Because of subsequent events, adequate exploration of the common duct 
w 7 as not carried out 

Following freeing of adhesions between the gallbladder and the surrounding 
structures and the exposure of the common duct, profuse hemorrhage was encounteied 
This appeared to be venous in type Attempts to control the bleeding by compression 
of the structures of the porta hepatis and ligation and application of hot wet packs 
w^ere unsuccessful The tissues were so friable that clamps or ligatures would not hold 
and each manipulation resulted in increased bleeding It seemed that the hemorrhage 
came from one of the tributaries of the portal vein During the period when packing 
w 7 as in place the gallbladder w'as removed from the fundus down to the cystic duct 
The cystic vessels and the cystic duct were separately cut, clamped and ligated The 
patient received plasma transfusion during the procedure and w 7 as also given caffein 
Upon completion of the procedure his condition was poor and a gauze pack w 7 as left m 
the bleeding area and brought out the upper end of the wound 

The patient failed progressively, in spite of blood and plasma transfusions, and 
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expired foui houis later The clinical cause of death appealed to be opeiative hemorrhage 
and shock 

Pathologic Examination — Surgical Specimens (Dr T D Robertson) Spleen 
(Fig i) The spleen weighs 340 Gm Two tears are piesent on the diaphragmatic 
surface of the spleen The first measures 1 1 cm in length, and the second is a V-shaped 
tear measuring 7 cm A third tear is present on the left margin and measures 5 cm 
Pathologic Diagnosis Multiple traumatic rupture of the spleen, with hemorrhage 



Fig 1 — Drawing of spleen showing lacerations containing some clotted blood 

Gallbladdc ; The gallbladder is a rigid, thick-walled structure 0 cm in' length and 
3 cm 111 diameter The serosal surface is hemorrhagic and covered with a fibrin 
coating The wall shows hemorrhagic mottling, fibrosis, and reaches a maximum 
thickness of 1 o cm There is bile-stauung of the mucosa and yellow cholesterol streaking 
It contains several cholesterol stones Microscopic examination show's the wall to be 
thick and the site of extensne hemorrhage There is some coagulation of the mucosal 
surface associated with the diffuse hemorrhage There is infiltration by pas cells, 
eosinophils, and ljmphocstes Near one area of deep ulceration a number of foreign 
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both giant cells aie scui Pathologic Diagnosis Maikcd hcmoirhagic acute exaceiba- 
tion ot a chronic choleci stitis, w lth cholelithiasis 

Postmoi tem Examination (Dr T D Robeitson) The only significant changes are 
found in the abdomen Appioximatel) 300 cc of bloody fluid is present in the right 
upper abdomen Careful search for the bleeding point failed to reveal it Ihe 
tissues m the region of the common duct arc indurated The common duct is dilated 
and near the ampulla there are eight small mulberry cholesterol stones none more than 
4 Mm 111 diameter The hepatic arten is then followed throughout and shows no bleed- 
ing point The ligatures on the cvstic artery and duct are intact The •portal vein 
(big 2) is found after dissecting through edematous fibrous tissue, and it is noted 



Tig 2 — Drawing of liver, pancreas, duodenum, accessory spleen and portal vein and its tributaries 
Aote extent of thrombosis The gallbladder had been removed at operation 

that it is filled with an adherent, rather mushy, red blood clot which is definitely a 
thrombus It extends into the right and left branches as a firm, adherent, pink clot 
The right lobe of the liver is much softer than the left, indicating probably more blood 
was cut off in the right lobe than 111 the left This clot extends in a polypoid manner 
for a distance of 6 cm into the upper portion of the superior mesenteric vein The 
splenic vein is small, contracted, 8 Mm in diameter, and filled by red to brown clot 
The splenic artery is found at its distal portion to be tortuous and filled by dark red 
clots for a distance of about 2 cm There is an accessory spleen measuring 3 cm 
in diameter The pancreas is somewhat edematous The liver is enlarged and appears 
fatty The right lobe is friable and shows diffuse red stippling The splenic bed is 
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filled by adhesions There are no blood clots found The small intestine and colon 
appeared unchanged The adrenal glands and other abdominal organs show no changes 
Micioscopic Examination — Panel cas Except for postmortem autolysis the pancreas 
is not unusual Lwci The central lobular hepatic cells are undergoing disintegration 
with pyknosis of nuclei and fragmentation A slight increase in pus cells in some areas 
is noted The sinusoids contain very little blood Central lobular hepatic cells also 
contain large and small fat droplets Small Intestine There is no edema or other 
change Lung There is slight engorgement of the vessels Kidney, adrenal glands, 
myoeaidnun No changes 

Pathologic Diagnosis Death due to postoperative shock following cholecystectomy 
Probably contributing much to this was liver deficiency on the basis of portal vein 
thrombosis This was built up from a thrombus of the splenic vein, which probablj 
followed previous splenectomy for traumatic rupture of the spleen 

Histologic examination of various levels of the portal system, the representative 
areas from which photomicrographs were made, are indicated in Figure 3 

The splenic vein (Fig 4) is occluded by a fresh thrombus, which only in focal 
areas shows early softening and attachment to the vessel wall This section apparently 
represents an area some distance from the point of ligation of the splenic vein 

The section through the left branch 
of the portal vein presents the picture of a 
truly organized thrombus Here capillaries 
and fibroblastic proliferation constitute the 
predominant features of this also occlusive 
thrombus Attachment to the wall of the 
vessel as well as beginning canalization 
has occurred (Fig 5) 

Section through the upper portion of 
the portal vein (Fig 6) shows an oc- 
clusive thrombus of an age between the 
clot in the splenic vein and the organized 
thrombus 111 the left branch of the portal 
A large area of central softening is noted 
as vv ell as beginning organization of the cir- 
cumferential attachment to the vessel wall 
Other sections taken from the more peripheral portion of the portal vein reveal 
fresher thrombus formation, apparently the result of propagation of the thrombus 
from above downward Likewise, in that section taken through the right main branch 
of the portal sjstem, a thrombus of earlier age than that in the left is noted 

Co&imxnt — F ollowing surgical ligation of the splenic vein the thrombus 
formed at this point must have been, m part, dislodged This portion of 
thrombus, now circulating in the portal system, lodged in the left mam branch 
of the portal vein producing an occlusion The secondary attachment and 
the resultant organization of this thrombus then constituted a thrombus head 
from which retrograde propagation occurred This propagating clot finally 
encroached upon the ostium of the cystic vein with obstruction to the venous 
return fiom the gallbladder The resulting vascular stasis in this organ 
pioduced the clinical picture of acute cholecystitis 

Discussion — From the histologic studies m this case, it may be concluded 
that portal thrombosis occurred as a direct result of splenectomy It must be 
borne in mind, however, that previous disease of the biliary tract may have 
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been a conti lbuting factor Theie is no e\ idence that dnect 01 indued: tiamna 
was of nnpoitance since the blow teceived was i datively slight, well-localized 
and aw>a\ fiom the uppei abdomen 

The clinical couise should have suggested this complication had not 
biliaiy tiact disease been supei imposed Pallette r ’ has pointed out that the 
simptoms lesultmg fiom poital thiombosis usually appear as sudden, acute 
upper abdominal pain which may appeal in the light upper quadiant and 
simulate gallstone colic In chiomc thiombosis Simonds 0 notes that theie 
may be no relationship to the taking of food In the piesent instance eating 
usualh piecipitated the pain, which was at hist located in the left uppei 
abdomen We behe\e, theiefoie, that the inadequacy of the portal system to 



Fig 4 — rresh thrombus m splenic Vein (A) Artery (B) (Low power) 

Ivote prominence of coni like hmelhe of congenled platelets, absence of 
organization indicating freshness of the thrombus 

meet the increased cuculatory demands of digestion was sufficient to 
cause pam 

The presence of intermittent fevei, leukocytosis, and increased sedimen- 
tation rate was evidence of seuous mtia-abdominal pathologic changes In a 
case not complicated by biliary tract disease, it would seem that thrombo- 
phlebitis of the poital vein should be considered second only to an mtra- 
pentoneal abscess 

Intestinal dysfunction is dependent upon the degree of interference with 
the mesentenc veins In this case there w r as little or no obsti uction, but 
m Delatour’s 8 classical case the symptoms were those oi acute intestinal 
obstruction because of the cutting off of a large part of the circulation 

Bassler 18 has found that roentgenologic studies of the small intestine 
show' maiked slowing of the transit function from the jejunum down to the 
transverse colon in poital thrombosis This again is dependent upon the 
degree of interference with the mesenteric venous flow, and it is unlikely that 
significant changes could have been demonstrated in this case It is mter- 
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estmg to note the degree of gaseous distention of the colon which was 
present in oui case It is suggested that portal blood flow may have been 
decreased sufficient!) to cause diminished absoiption of gas fiom the bowel 
Regai ding the pathogenesis of an acute exaceibation of chronic chole- 
cystitis in this patient, theie seems to be no question about the iole of 
•vascular impaiiment At opeiation, it was obvious that the venous piessuie 
in the portal ststeni greath exceeded the noimal This back pressure through 
the c\stic vein would seem to have been sufficient to lead to edema, infarction, 
hemorrhage and ulceiation of the gallbladder wall 

At this time it seems peitinent to lemark that cholecystectomy should 
ha\e been dela\ed for a much longei period It is probably a good 
uile to dela\ all electne inti apei itoneal opeiative pioceduies following 
splenectom) until adequate cnculaton leadjustments have been made 
How long this might be is difficult to estimate It is also to be lecalled 
that reaction to shock and hemorihage shoitly following splenectomy may 
be deci eased since the spleen is said to be an impoitant oigan of homeostasis 
Muria) and MacKenzie 10 demonstrated clinically, and experimentally in 
dogs that hepann can he of gieat value in preventing thiombosis of the 
portal vein following splenectonn and bowel lesection for mesenteric throm- 
bosis This work suggests the possibilities of the anticoagulant drugs in the 
postoperatne care of cases where this complication may be expected 01 
suspected This is particularly tiue foi splenic anemia 

We were intei ested m the role the mental attitude of the patient played 
m the ultimate outcome It has been repeatedly emphasized that patients 
who firmly belieie they will not suivive operation, fiequently do not Upon 
this basis most surgeons nghtl) will refuse to undeitake opeiation In this 
case, had we known of the patient’s feelings m the mattei it is likely that 
we too would have delayed It is possible that had the patient not suc- 
cumbed, recanalization and establishment of collateial cu dilation of suf- 
ficient degree to maintain good 01 fair health would have occuned 

CONCLUSIONS 

1 A case of chmcall) unrecognized splenic and poital vein thiombosis 
following splenectomy for traumatically ruptuied spleen is reported m detail 

2 In this case, acute cholecystitis on the basis of a pieviousl) diseased 
gallbladder is believed to have been precipitated by portal thrombosis wdnch 
caused vascular changes in the gallbladder wall 

3 Death w^as caused by uncontrollable hemorrhage and shock during 
cholecystectomy The increased portal \ enous pressuie and fi lability of tissues 
made complete hemostasis unobtainable 

4 It is suggested that splenic and portal vein thiombosis following splen- 
ectomy may be a frequently unrecognized complication Prolonged fever, 
abdominal pain sometimes related to food intake, abdominal distention, 
increased leukocyte count, and increased platelets and er>throcyte sedi- 
mentation rate following splenectomy should suggest to the surgeon the 
possibility of this complication 
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5 Majoi elective abdominal operations should not be undertaken shortly 
following splenectomy if the possibility of portal thrombosis exists 

6 The anticoagulant drugs, heparin and dicoumarm, may be of value 
in preventing the onset or extension of thrombosis of the portal vein 
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ROENTGENOLOGIC EXAMINATION OF THE ABDOMEN AS AN 
AID IN THE EARLY DIAGNOSIS OF SPLENIC IN JURA 7 
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FROM THE DEPARTMENTS OP SURGERA AND RADIOLOGA OT THE NORTH CAROI IN A BAPTIST HOSPITAL 
AND THE BOWMAN GRAA SCHOOL Or MEDICINE WINSTON-SALEM, NORTH CAROLINA 

Damage to the spleen is piobably the most common serious mtra- 
abdominal mjuiy lesulting fiom blunt force Clinically thiee types of 
bleeding may occui (i) Extensive luptuie with immediate massive hem- 
onbage, (2) small laceiations which ooze blood slowdy ovei a period of 
houis 01 possibly dais, and (3) delayed splenic ruptuie These types 
of splenic damage have been discussed by many authois By delayed 
splenic luptuie is meant seveie secondaiy hemoiihage occurnng from the 
spleen days, weeks 01 even months following the oiigmal mjuiy This 
type of bleeding occurs m about 14 pei cent of all splenic mjunes 10 

In the hist t\pe of injur) to the spleen the diagnosis is usually easily 
made and splenectom) earned out The second and third types of splenic 
injuries aie difficult to diagnose 111 the hours immediately following trauma, 
especially m the piesence of associated mjunes The patient’s symptoms 
and signs may disappear completely 01 so improve that he may be allowed to 
resume full activity Then aftei a latent period of hours, days, 01 even 
months secondaiy hemoiihage may occui, usually of such severity that 
circulatoiy failuie ensues lapidly 

The time to remove a slowly bleeding spleen is early, befoie blood loss 
threatens life, and the ideal method of handling a delayed ruptuie of the 
spleen is to perfoim splenectomy eaily in the latent period Diagnosis must, 
therefore, come early, and yet the difficulties of such eaily diagnosis aie 
great Clinical symptoms and signs may be equivocal, and the accessory 
examinations which the clinician has heretofore used may P be dangerous, time- 
consunnng, inconclusive, or all thiee 

Hematologic w r oik may or may not aid Abdominal asjuration or pen- 
toneoscopy have been advocated, but these examinations are more difficult 
and more dangerous than the taking of a plain film of the abdomen There 
is evidence that the roentgenologic examination of the abdomen can be of 
great aid in establishing eaily the diagnosis of a lacerated spleen 

Various authois have described roentgenographic aids m the diagnosis of 
lacerated spleen Webb 9 lepoited increased density m the left upper abdominal 
quadrant, with elevation of the left side of the diaphragm, displacement of the 
stomach to the right, and fiee fluid between loops of intestine Zabinski and 
Harkins 10 mention elevation of the diaphiagm m one patient and medial 
displacement of the colon in another They also mention Bancioft’s experience 
m administering baiium sulfate to a boy placing him in the Tiendelenburg 
position, and observing a mass in the legion of the spleen displacing the 
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stomach J M Deavei 3 mentions elevation and tenting of the left diaphragm 
in a patient with a dela)ed splenic lupture coming on 23 days after injury 
Burke and Madigan 2 gave thorium dioxide to a patient with lacerations of 
spleen and liver and weie able to outline the damage in each viscus These 
1 oentgenologic piocedures are helpful to a limited degree only They 
aie all either signs ot advanced hemorrhage, as when visceral displacement is 
shown, or they are time-consuming, as is thorium, 01 they are undesirable 
for other leasons, such as the adnumstiation of barium orally 

The 1 oentgenographic findings described by Sohs-Cohen and Levine 3 - 7 
may answer the need foi a reliable, simple means which will aid m the eaily 
diagnosis of minimal to model ately seveie splenic damage These authors, 
m making 1 oentgenologic examinations of the abdomen m three patients 
suspected of having splenic injury, described obliteration of the splenic shadow, 
and a dilated stomach, with sei ration of the greater curvature In each 
case the diagnosis was confirmed at celiotomy In plain films of the abdomen 
taken of 100 patients with no demolish able splenomegaly, the authors did not 
encounter these findings 

Various questions arise concerning these roentgenographic signs (1) 
Does splenic laceration always cause them 7 (2) Are the signs dependent upon 
the size of the splenic laceration or the amount of hemorrhage 7 (3) Do 
they occur in damage to visceia other than spleen 7 (4) Are they present 
when the spleen plus some other viscus is damaged 7 (5) Why do these 
signs occur 7 (6) Are they piesent after splenectomy 7 

During the past few' months on the Suigical and Urologic Services of the 
Noith Carolina Baptist Hospital and Forsyth County Hospital, three patients 
with nonpenetrating tiauma to the left uppei quadiant, left flank and left 
lcnvei thorax have been studied *■ A suivey of the lecords of these patients 
tends to corroborate the findings of Sohs-Cohen and Levine, 7 and lends 
evidence to help answei the above queries 

CASE REPORTS 

Case 1 — NCB No 25507 (From the Service of Di H H Bradshaw) M N, 
white, female, age 13, was admitted at 3 30 pm, February 14, 1944, with a history that 
at 3 00 p m she had been struck and knocked down by a school bus She was uncon- 
scious for 15 minutes, and when seen in the Emergency Room she had amnesia covering 
the previous 24 hours, although her memoiy for prior events was good She complained 
of pam over the left lower chest and in the left upper abdominal quadrant Blood pressure 
124/72, pulse 100 to no Her occipital scalp was lacerated The chest w-as clear and 
there was moderately severe left upper abdominal tenderness There was suggestive 
increase in the area of splenic dullness No flank rigidity was found, and peristalsis was 
quiet 

Accessory clinical findings were not remarkable save for a leukocyte count of I4.9 00 > 
with a normal differential Urinalysis re\ealed 40 to 50 white blood cells and 10 to 20 
epithelial cells (hpf ), with one plus albumin, and a negative benzidine test 

A plain film of the lower chest and abdomen revealed fractures of the left seventh 
and eighth ribs posteriorh , without displacement The kidney an d psoas outlines were 

* These patients were operated upon by members of the Resident Staff in Surgery, 
Doctors Felda Hightower, M C Bow-man, and W L Molmeuv 
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normal The splenic shadow was not visualized, the stomach was displaced downward, 
and theie was an unusual amount of gas m the stomach, with serrations of the greater 
curvature in the caidiac and nudportions (Fig i) 

She W’as obsei ved several hours, w ith no change in the symptoms or signs Celiotomy 
w r as performed at S 20 pm, Febiuan 14, 1944, under cyclopropane, oxygen, and ether 
anesthesia, using a cuived left subcostal incision Ecchymosis was present in all visible 
parts of the omentum, and 400 cc of dark, liquid blood w'as found 111 the peritoneal cavity 
O11 the conca\e suiface ot the spleen there u'as an megular laceration six centimeters 



Fig 1 — Preoperative plain film of abdomen of Case i, showing the left 
diaphragm and stomach outlined with India ink Note downward displace 
ment of gas filled stomach and serrated greater curvature 

long, showing at its upper part, excavation into the splenic pulp Postoperatively, the 
patient received 500 cc of pooled plasma and 500 cc of citrated blood Her course was 
uneventful, she u'as discharged on the tenth postoperative day, and she has remained 
w r ell since 

Films of her abdomen made postoperatively showed kidneys and stomach normal in 
outline, and position (Fig 2) 

Case 2— FCH No 2847 (From the Service of H H Bradshaw) O S N, 
white, male, age 34, was admitted at 12 15 pm April 24, 1944, with a history that 
two hours earlier he had fallen from a barn, a distance of eight feet, and landed on his 
left side, striking his left flank Following this he vomited once and had pain m his 
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left upper quadrant radiating down to his left lower quadrant and genitalia The pain 
in his left upper quadrant increased and he noted pain in his left flank 

At the time of admission his temperature was ioo° F , pulse 88, blood pressure 
130/7S Chest examination was negative There was muscular rigidity of the left 
upper and left lower abdominal wall, with tenderness in the left upper abdominal 
quadrant In the left flank and over the left lowei ribs, there was a diffuse erythematous 
area, quite tender on even light palpation 



Fig 2 — Postoperative film of abdomen of Case 1, showing the greater curvature 
of stomach and kidnej shadows outlined with India ink Film does not include 
diaphragm Stomach is normal in position and greater curvature is smooth 

Accessory clinical findings showed four to six red blood cells and an occasional 
white cell (h p f ) in a voided urine specimen Otherwise the findings were normal 
A plain film of the abdomen showed moderate enlargement of the splenic shadow The 
stomach contained much gas, the fundus was displaced downward, and the greater 
curvature was serrated (Fig 3) The left kidney and psoas shadows were indistinct 
Cehotomj was performed three hours after admission, under cyclopropane, ether, 
and oxygen anesthesia There was a small amount of ecchymosis in the mesentery of the 
splenic flexure A laceration, 2 cm long was present on the concave surface of the 
spleen and blood was slowly oozing from it There was less than 50 cc of free mtraperi- 
toneal blood present Ecchymosis in the left retroperitoneal tissues gave one the 
impression of slight bleeding in the left perirenal area No other evidence of injury 
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was found Splenectomy was pei formed, and the patient made an uneventful recovery 
The hematuria ceased aftei the first daj 

Postoperative loentgenologic studies showed gas present m the stomach, with a 
smooth greater cun ature (Fig 4) E\cietor\ uiogiams showed a normal urinary tract 
Case 3— N CB No 2S421 (F10111 the Service of Di Fred IC Garvey) EMC, 
white, female, age 11, w'as admitted at 4 15 pm, May 22, 1944, with a history that 



Tig 3 — Preoperative film of abdomen of Case 2, showing the gas in stomach, serrated 
greater cur\ ature and enlarged splenic shadow 

she had been kicked in the left flank by a mule four hours earlier She had fainted 
several times before being brought to the hospital When examined in the Emergency 
Room her temperature w'as 97 8° F per rectum, pulse 160 , blood pressure 50/0 There 
was splinting of the left diaphragm, with definite respiratory lag on the left Examina- 
tion of the thorax was negative Her abdomen was moderately distended, and acutely 
tender, but not rigid over the left siae There was a large elevated and contused area 
in the left costovertebral angle, and this area w'as exquisitely tender The urinary 
bladder could be percussed three fingers breadth above the symphysis pubis The 
patient voided 400 cc of grossly bloody urine, which clotted in four minutes 

Accessory clinical findings show'ed a hemoglobin of 9 5 Gm , red cells 4,200,000, 
white cells 16,800 
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A plain film of the abdomen showed marked gaseous distention of the stomach, 
with very little gas in the small or large bowel The right kidney and psoas shadows 
were normal The left kidney shadow was obliterated, and the left psoas shadow 
obscured by an inci eased soft-tissue density in this region (Fig 5) An mtiavenous 
urogram showed normal excretory function on the right, with complete absence, 
of function of the left kidney (Fig 6) 



Fig 4 — Postoperative film of abdomen of Case 2, shotting stomach normal in position, 
with much gas in it, but a smooth greater cumture 

The patient received blood and plasma and an exploratory celiotomy was performed 
through a left flank incision The left kidney was found to be shattered into four pieces, 
with much clot under tension within Gerota’s fascia, and a partial tear of the renal 
arterj and \ein Nephrectomy was performed The diaphragm was normal, and the 
tissues adjacent to the posterior surface of the left colon were edematous The peritoneal 
cavity was opened and found free of blood, with a normal spleen and normal bow’el 
The patient was in moderately severe circulatory failure on the table and at the con- 
clusion of the piocedure her blood piessuic was 90/60 Her postoperative course was 
uneventful , and she was discharged on her twelfth postoperative day Plain films of 
the abdomen, made postoperativ elj , revealed her stomach normal in position and 
containing a small amount of gas The small part of the greater curvature that could 
be visualized was smooth 
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In these tlnee patients, one had a laceiated spleen and two fiactuied 
libs, w ith no e\ idence of any othei lesion, and hei plain film demonstrated 
\eiy cleaily the signs descnbed by Sohs-Cohen and Levme The second 
patient with laceiation of the spleen as well as damage to the left kidney 
also had the chaiactenstic loentgenographic findings The third patient 
with a shatteied kidne) and a noimal spleen, had much gas in the stomach 



Fig s — Preoperatne film of abdomen of Case 3. shoeing marked gaseous 
distention of the stomach with smooth greater curvature Right psoas shadow 
is normal, left psoas shadow is obliterated 

but a smooth greatei cuivature, along with obhteiation of the left kidney 
shadowy and an obscure left psoas shadow 

These facts stand as evidence that the gas-containing stomach, with the 
serrated greater curvature, will show on a plain film of the abdomen when 
the splenic laceration is small or moderately large, that these findings still 
occur when some other viscus in addition to the spleen is injured, that these 
signs arg absent when the kidney is ruptured in the presence of a normal 
spleen, and that they are not present following splenectomy 

117 


O’NEILL AND ROUSSEAU 


Annals of Surgery 
Tanuarj 1945 


The cause of these roentgenographic findings is not clear A notched, 
indented or slightly senated greater cuivature may appear occasionally in 
a plain abdominal film of a patient who has not been subjected to any trauma 
Some of these shadows are due to extrinsic masses pressing on the stomach, 
and some of them are of unknown etiology Obviously, in such instances 
the differential diagnosis will rest on the absence of any history of injury 
or the finding of some extragastnc mass Solis-Cohen and Levine feel that, 



Tig 6 — Preoperative excretory urogram of Case 3 Stomach appears the 
same as m Figure 5 Note absence of excretion of d>e by the left kidnej 

in a patient who has a lacerated spleen, the gravitation of blood along the 
gastrosplemc ligament adjacent to the greater curvature is the cause of the 
serrations seen in the stomach shadow This could explain the findings in t 
Case 1, but it does not explain them in Case 2, where there was not enough 
hemorrhage to infiltrate the gastrosplemc ligament 

In Cases I and 2 with minimal to moderately severe splenic injury and 
equivocal clinical findings, the plain films raised strong suspicions that the 
spleen was lacerated Once such a suspicion exists, celiotomy is indicated, 
unless both surgeon and patient are willing to tolerate the anxiety, as well as 
the danger, that a delayed rupture may occur 

Further experience with these roentgenographic findings in the presence 
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of damaged spleens is necessaiy These patients are offeied as evidence 
to conoboiate the findings of Solis-Cohen and Levine, and to stress the 
impoitance of plain films of the abdomen and chest when splenic damage is 
suspected, not alone to help evaluate the injury to the spleen, but to help rule 
m 01 out associated thoiacic mjunes 
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SULFONAMIDE THERAPY IN CLEAN THORACOPLASTY CASES 
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The employment of the sulfonamides in clean operative cases to prevent 
wound infections has not been completely successful Most of the publications 
regarding the procedure state that some infections have occurred despite the 
prophylactic use of the drugs If the sulfonamides have not prevented 
infections in clean wounds, then of what value is their routine prophylactic 
employment 7 

The experience of the Tuberculosis Service at Bellevue Hospital, with 
the use of the sulfonamides m clean thoracoplasty operations, merits publica- 
tion Our report concerns 83 patients w r ho had 203 clean thoracoplasty opera- 
tions, of which 1 67 were for parenchymal disease and 36 were for mixed 
empyemas with bionchopleural fistulae All of the thoracoplasty operations 
111 the series were clean even though some of the operative procedures in 
the empyema group approached an infected area The modern thoracoplastv 
operation, averaging three ribs a stage, was performed in almost every case, 
and, generally, silk ligature and suture materials wore used throughout 
The authors assisted, or performed, most of the operations and observed the 
patients’ convalescence, while the selection of cases for local, oral and 
nonsulfonamide therapy was determined by the surgical attending staff 

The thoracoplasty cases wore grouped into three series those which 
had the sulfonamides applied locally, those which received the sulfonamides 
orally, and the controls m which no sulfonamides wore used In this manner 
the groups may be compared and contrasted from the data presented The 
scope- of our investigation includes the patients’ local and systemic 1 eactions 
to the sulfonamides, the blood and wound fluid sulfonamide concentrations 
when the drugs were employed locally and perorally, and the incidence of 
contaminations and infections in the clean operative wounds of the different 
groups 

The first series consisted of 97 cases in which the sulfonamides wore 
applied locally to the thoracoplasty wounds The sulfonamides wore pre- 
pared and sterilized in two-, four- and six-gram amounts, with an average 
of 4 7 Gm being used per operation In each, the drug was dusted evenly, 
vuthout lumping, over the wound surface including the subcutaneous tissues 

No known toxic reactions occurred in any of the cases and there was no 
evidence of poor or delayed wound healing Twenty cases of the series of 
97 wore reviewed to determine the volume of excess wound fluid which was 

* Doctor Wolff is a Captain m the Arnn of the United States 
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aspnatecl All 20 cases foimed excess wound seium, and the aveiage 
amount aspnated pei case was 328 cc 

The second senes of thoi acoplasty cases numbeied 39, and they leceived 
the sulfonamides 01 ally m divided doses foi three 01 four days after the 
opeiation One patient developed jaundice and anemia, which disappeared 
after the diug was withdrawn and thiee other patients had hematuria and 
uiinaiy sulfonamide conuetions, but no appreciable ohguna All wounds 
appeared healed at the tenth postoperative day Six of the ten cases analyzed 
for excess wound fluid had excess fluid and about 135 cc w^eie aspirated 
m each of the six cases 

The thud senes was composed of 67 thoi acoplasty cases in which no 
sulfonamides weie used, and they acted as the control group Theie 
weie no reactions lesembhng sulfonamide toxicity and all wounds healed 
promptly Fifteen cases of the gioup weie examined foi excess wound 
serum and the eight cases which developed excess serum aveiaged no cc 
The tin ee se 1 les 1 evealed that the systemic 1 eactions to the sulfonamides 
occurred onlj 111 the group which leceived the drug perorally, especially 111 
large amounts No evidence of nonhealing, 01 even any delay of wound 
healing, w r as observed m any case Excess w'ound seium exudation occurred 
111 each series, hut it was seen more often and of gieatei volumes 111 the 
senes of cases which had a sulfonamide applied locally in the thoracoplasty 
w ound 

The w r ound fluid was aspirated, usually between the second and the fifth 
postoperative days, from the subscapular space, which w^as enlaiged as a 
result of the operative procedure Wound serum sulfonamide concentrations 
were determined in many of the thoi acoplasty cases in which the drugs w^ere 
applied locally, and the concentrations were so surprisingly low r that an 
investigation of the comparative concenti ations in blood and wound fluid was 
undertaken Thereafter, sulfonamide levels were detei mined on each speci- 
men of aspirated wound fluid, wdnle blood samples w^ere diawn at eight, 
24 and 48 hours postoperatively The completed data on 25 thoracoplasty 
cases 111 w’lnch the sulfonamides were implanted locally were reviewed and 
the average of the blood and wound serum concenti ations are shown 
m Chart I 

It w^as assumed f 10111 the tiend of averages that the peak of the blood 
sulfanilamide levels occurred before the eight hour specimens w^ere drawn, 
while the blood sulfadiazine concentrations peaked between the eight- and 
24-hour specimens Likewise, it was assumed that the wound serum sulfona- 
mide concentrations weie undoubtedly high immediately after the operation, 
but they rapidly declined approximating one milligram for each giam of 
drug applied locally at 24 hours and being insignificant after the fourth day 
We felt that six to eight milligrams of sulfonamide in each 100 cc of 
fluid w'as necessary for the optimal therapeutic effect, if wound infections 
were to be pi evented We sought to secure these higher concentrations of 
the sulfonamides by returning to the systemic administration, as that method 
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Avenge of Blood and Wound Fluid Sulfonamide Concentrations in the Local 
Application of Sulfonamides in 25 Thoracoplasty Cases 
Sulfanilamide averaged 46 grams in wound per 16 cases Sulfadiazine averaged 37 grams 
in wound per nine cases Sulfanilamide indicated by solid line Sulfadiazine 1 indicated be 
broken line 
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Chart II 


Average of Blood and Wound Fluid Sulfonamide Concentrations in the Peroral 
Administration of Sulfonamides in 21 Thoracoplasty Cases 
Sulfanilamide averaged 20 grams perorall) m six cases Sulfadiazine averaged grams perorall) 
in 15 cases Sulfanilamide indicated b> solid line Sulfadiazine indicated b) broken line 
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had given satisfactoiy xesults in othei cases With this in mind, some of the 
thoiacoplasty cases were given two giams of a sulfonamide by mouth 
shoitly aftei then opeiation and then one giam eveiy foui houis foi three 
or foui dajs No case was included if a sulfonamide had been applied 
locally to the wound Blood foi a sulfonamide level w'as drawn at the 
same tune that wound fluid was aspnated so that a comparison of the 
concentrations of the diugs could be made The data on 21 thoiacoplasty 
cases which lecened a sulfonamide 01 ally weie leviewed and the average 
blood and wound seium concenti ations aie shown 111 Chait II 

The peioial admunstiation of sulfanilamide and sulfadiazine produced 
good concenti ations 111 the blood stieam The sulfanilamide levels rose 
and fell lapiclh while the peak sulfadiazine levels occuried latei and fed 
less rapidly Similai concenti ations of sulfanilamide and sulfadiazine w^eie 
found m the wound fluids, but, again, the fall of the sulfadiazine concen- 
trations weie slowei The diffeience in the concentration trends can be 
explained b) the moie rapid absoiption and the greater diffusibility of 
sulfanilamide ovei sulfadiazine It w r as worthy of note that the peak wound 
fluid sulfonamide concenti ations as a rule, exceeded the peak blood 
sulfonamide values In one unusual case the blood sulfonamide levels 
reached 8 1 mg per cent on the fourth postoperative day, while at the same 
tune the wound fluid sulfonamide concentration w^as 105 mg per cent 

Comparison and conti ast of the tw r o senes revealed that the local 
implantation of the sulfonamides yielded immediate high wound serum 
levels, which rapidl) decreased to subtherapeutic values and moderately 
high blood concenti ations that fell even more rapidly, whereas, the peroral 
admunstiation of the sulfonamides produced, after a short lag interval, 
high w f ound fluid and blood concenti ations w'hich could be sustained by the 
oral administration of the drugs From this it would appear that the 
immediate, high concentrations of the sulfonamides would be more efficacious 
than the delayed high concentrations as seen in the oral administration 
method, but, clinically, less infections occurred when the sulfonamide levels 
exceeded five milligrams pei cent for several days 

The infections 111 our senes of thoracoplasty cases w^ere separated into 
superficial and deep The superficial infections occurred above the muscle 
layers of the shoulder and in the subcutaneous tissues The superficial 
infections v'ere mild and never invaded the deeper structuies, while the 
deep infections, which were more severe, occurred beneath the muscle layers 
of the shoulder and always involved the enlarged, deep subscapular space Not 
included m the series w^ere four tuberculous chest wall infections which 
U'ere believed to have started fiom a needle tract abscess and one subscapular 
space infection which followed the rupture of a tuberculous cavity during 
a revision thoracoplasty operation These infections delayed or prohibited 
fuither surgical collapse measuies 

The incidence of pyogenic infections in 203 clean thoracoplasty cases was 
5 4 per cent They range from minor stitch abscesses to severe subscapular 
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•Table I 

THE SULrON AMIDES USED TIIEIR MANNTR OF EMPLOYMENT AND THE AREAS INrrCTED 
IN 203 CLEAN THORACOPLASTY CASES 

Infections 


Group 

Sulfonamide 

Cases 

Superficial 

Deep 

Per Cert 

Local 

Sulfanilamide 

79 

3 

2 

6 3 


Sulfadiazine 

13 

1 

1 

IS 3 


Sulfathiazole 

S 

0 

0 

0 0 

Oral 

Sulfanilamide 

27 

1 

0 

3 7 


Sulfadiazine 

12 

0 

0 

0 0 

Control 

None 

67 

3 

0 

4 5 

Total 


203 

8 

3 

S 4 


space infections The sulfonamides used, their manner of employment and 
the areas infected are shown in Table I 

The variations m the incidence of infections in the different groups of 
thoi acoplasty cases requned fuither investigation to determine if a greater 
percentage of wounds in any one group became contaminated Cultures 
of the opeiative wound and the aspuated wound fluid were relied upon as 
evidence of contamination in lieu of the actual infection and, even then, 
some were probably missed The identification of the bacterial contaminants 
was also desired as a guide to the possible souices of contamination and to 
the ability of the sulfonamides to prevent specific bacterial infections We 
felt that a better evaluation of sulfonamide therapy in clean wounds could 
be made if the piotective ability of the drugs were known 

We leviewed the operative wound, the wound fluid and the infected 
wound culture repoits on the 203 clean' thoracoplasty cases and found 
that 191 weie satisfactory for analysis In the series of 191 analyzed 

Table II 

NUMBER OF CONTAMINATED MOUNDS, NUMBER or INTECTED YYOIJNDS AND THE 
BACTTRIA IDLNTirirD IN 191 THORACOPLASTY CASES 



Local 


Oral 

Control 


Topics Analyzed in Each Sene= Sa* 

Sdt 

Sa 

None 

Total 

Cases reviewed 

73 

12 

25 

64 

191 

Cases contaminated,; 

11 

3 

4 

‘7 

25 

Cases infected 

Bacterial contaminants 

5 

2 

1 

3 

11 

Slaph albus 

4(0) 



2(0) 

6(0) 

Staph albus hemohlicits 

HD 

10) 

1(0) 

2(1) 

5(3) 

Slaph aureus 

10) 


2(1) 

2(1) 

5(3) 

Staph auiet's hcmolyticus 

3(3) 

10) 

1(0) 

10) 

6(5) 

Slrept gamma 

1(0) 

1(0) 



2(0) 

Strepl b^ta hemohticus 

1(0) 




1(0) 


*Sa =su'famlamide tSd =sulfadiazine 

t Contamination determined by cultures or the occurrence of an infection ( ) Signifies number of infections 

cases, 20 operative wound cultures were reported positive for pyogenic 
bacteria and four of them had, in addition, a positive culture of the 
wound serum One of the four cases developed a deep wound infection, 
and five of the remaining 16 cases had superficial infections Two other 
cases had sterile operative wound cultures, but later had positive wound 
fluid cultures, and both developed deep -wound infections Three additional 
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cases had stei lie opei ative w ouncl and w ound fluid cultures, but supei ficial 
infections occuned in each 

The number of contaminated wounds, the numbei of infected wounds, 
and the bactena identified are shown in Table II 

The peieentage of thoi acoplasty wounds which showed contamination 
weie sunilai except foi the gioups, local sulfathiazole and oial sulfadiazine 
The) had no positive opei ative wound or wmund fluid cultuies and no 
infections occuned Eleren of the 25 contaminated wounds developed 
infections an incidence of 44 pei cent, while a companson of the sulfonamide 
treated and the conti ol gioups showed they had a similai incidence A 
turthei bieakdown of the gioups revealed that only one infection occuired 
m the four contaminated wounds tieated with sulfanilamide 01 ally, while 
two ot the tlnee contaminated wounds having a local application of 
sulfadiazine became infected 

All of the bactei lal contaminants w eie cocci The staphylococci made up the 
majority of the bacteria with the Staphylococci albus and aw cits hemolyticus 
being the most common Only thiee sti eptococcal contaminations w r eie 
observed and one of these was, the hemolytic streptococcus The identified 
bacteria suggested that the gieatest sources of contamination were the skin, 
neighboring infected wounds and the nose and thioat of the opeiatmg 
peisonnel The piotective ability of the sulfonamides w^as the gieatest in 
the streptococcal group and the least 111 the staphylococcal bactena, especially 
Staphylococcus omens hemolyticui A fuithei estimation of the di ug’s 
protective ability was impossible in the small number of cases 

Comment — The populanty and the widespread use of the sulfonamides 
m surgical cases is 1 effected in the liteiature Some publications reported 
excellent results with the sulfonamides locally, wdule otheis stated that the 
systemic admmisti ation w as the most beneficial Many ai tides advocated the 
emplovment of the sulfonamide compounds in contaminated and infected cases, 
especially the local application in abdominal surgeiy, wdule a few recom- 
mended it routinel) as a prophylaxis in clean suigical cases Along with the 
publications of the good lesults of sulfonamide theiapy have appealed 
articles reporting the unfavorable aspects as diug toxicity, the development 
of sensitivity leactions and the occurrence of fatalities from the use of the 
sulfonamides The evaluation of sulfonamide therapy in clean surgical 
wounds must cover both sides 

Meleney, 3 in 1944, discussed the problems of evaluating drug therapy 
m surgical infections He outlined plans for comparing treated cases 111 which 
the numerous factors that influence infections in wounds could be grouped 
so as to satisfy the most exacting biostatistician For a drug to be remaikable, 
its action would have to be clear-cut 01 the results bnlliant The difficulties 
in executing the plans are appi eciated, but until it is done we must lely 
on clinical experience 

Hainson and Berry, 1 111 1943, analyzed the results of appi oxnnately 430 
thoiacoplasty cases of tuberculosis at Bellevue Hospital which were pei- 
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formed prior to our series They stated that the local application of 
sulfanilamide and sulfadiazine was advantageous m preventing wound in- 
fections, and they found no ill effects except excess wound serum exudation 
We feel that excess wound serum m the thoracoplasty wound is harmful 
for it discomforts the patient , often produces necrosis of wound edges unless 
lemoved, and the lemoval by aspiration offeis another potential source of 
bacterial contamination 

The data piesented by Harrison and Berr^ was insufficient for com- 
paring the treated and untreated cases, but they did mention that six 
minor and four deep wound infections occurred m the clean parenchymal 
group Two of the six minor and two of the four deep wound infections 
developed despite local sulfonamide therapy Two of the four deep wound 
infections, howevei, followed the lupture of a tuberculous cavity and perhaps 
should not be considered m this respect The combined incidence of 
infections m the clean pai enchymal group of thoracoplasty cases was 3 4 
per cent , while m the empyema group which has a higher risk of con- 
taminations, it was seven per cent 

About the same time, Long J reviewed and summarized the use of the 
sulfonamide compounds 111 the prevention and tieatment of wound infections 
He warned that the sulfonamides, which are an adjunct to surgical therapy, 
should not be relied upon to cover negligent surgical judgment and technic 
He stated that important toxic reactions as fever, acute hemolytic anemia, 
lenal complications, and others occurred in the course of systemic sulfonamide 
therapy about as follows sulfanilamide 119 per cent, sulfapyndine 15 9 
pei cent, sulfathiazole 18 6 per cent and sulfadiazine 6 5 per cent He added 
that sulfadiazine, which pioduces the fewest toxic reactions, was responsible 
for hematuria in 1 7 pei cent of treated patients, while the next b^st diug, 
sulfanilamide, pioduced an acute hemolytic anemia in about two per cent 
of treated patients 

Long analyzed the evidence legarding the local effects of applying the 
sulfonamides in the wound He found that wound fluid exudation often 
formed and if the wound was tightly sutured some necrosis may lesult He 
added that some investigators reported an inflammatory response to the 
diugs which increased with the less soluble sulfonamides Often, the in- 
flammatory picture simulated foieign body reactions, especially when large 
coaise crystals or finely powdeied drugs that caked were used In some 
articles the wound reactions were interpreted as delayed or pool wound 
healing 

Long believed that the peroial administration of sulfadiazine, with blood 
concentrations of four to seven milligrams per cent, coupled with the local 
application of sulfanilamide offered the best chance for the pievention of 
wound infections He felt that sulfanilamide’s high solubility, its wnde range 
of bacterial effectiveness and the moderately low r degiee of associated toxicity 
made it suitable for local use Similarly, he selected sulfadiazine for its 
pioperties of slow r diffusion, wade bacterial range and minimal toxicity for 
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the oral employment He added that the peroral administration of the drugs 
could be stopped aftei five to seven days in the absence of an infection and 
the topical application need be continued only m open wounds to prevent 
secondary invaders 

It does not appeal logical to subject clean thoracoplasty wounds to 
loutine prophylactic sulfonamide theiapy, as only a small portion become 
contaminated and even a smaller number develop infections The occurrence 
of excessive wound fluid with the local application and the occasional tbxic 
leactions with the oial administration of sulfonamide therapy seems more 
hazaidous than the infrequent, seveie infections If contamination of the 
thoracoplasty wound could be piechcted then either the local or the systemic, 
or a combination of both methods of administering the diugs, might be 
emplo) ed advantageously, but as most contaminations aie slight only 
bactei lologic studies are lehable mdicatois Thus, the rationale of employing 
the sulfonamides in clean thoiacoplasty cases revolves around the potential 
or actual contamination of the wound 

The antibactei lal action of the sulfonamides is the most active against 
the streptococci All of the sulfonamide compounds are thought to be 
about equally effective and their selection is determined largely by the 
properties of the drugs The bacteriostatic action of the sulfonamides against 
the staphylococci is less active and some believe that sulfathiazole is the best 
while others piefer sulfadiazine In the lattei, it is well-recognized that the 
sjstenuc use of the diug has proved to be effective against the common 
contaminating bacteria of w’ounds 

We suggest, that instead of the routine prophylactic employment of the 
sulfonamides in clean thoracqplasty cases, the drugs be used only in poten- 
tially contaminated cases We believe that local plus systemic therapy is 
warranted wfien gross soiling or some other accident happens to contaminate 
the w ound W ounds that may become contaminated, as those near an infected 
area, or when an unusual high incidence of contaminations aie occurring, 
should have the drug applied locally and if the cultures are positive, then the 
systemic administration of the drug can be started Again, the sulfonamides 
should be administered systenucally if the bacteriologic studies of the wound 
or w'ound fluid reveal contamination, or the patient shows evidence of 
infection as by unusual temperature elevation or localized wound cellulitis 
We feel these indications for sulfonamide therapy m clean thoracoplasty 
w ounds are more efficacious and less dangerous than the 1 outme prophylactic 
employment of the drugs Certainly, the lessening of contamination, the 
application of approved surgical technic and the active maintenance of the 
patient’s defense mechanism is of greater importance m the prevention of 
clean wound infections than is the present use of the sulfonamide compounds 

SUMMARY 

The comparison of local and oral sulfonamide therapy m clean thoraco- 
plasty cases revealed some undesirable features not seen m the untreated 
cases The excessive wound fluid formation m local and the toxic leactions 
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m oral therapy were the chief disadvantages The local and the peroial 
employment of the sulfonamides produced predictable drug concentration 
tiends in the blood and the wound seium The first was immediate and 
short, while the second was delayed and sustained Infections followed con- 
taminations in each series, the lowest being in oral sulfonamides, then the 
controls and the highest was local sulfonamides The logic of employing 
the sulfonamides in clean thoracoplasty cases was discussed and our sug- 
gestions foi the use of the diugs were outlined 
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CRANIOCEREBRAL WAR WOUNDS 

OBSERVATIONS ON DELAYED TREATMENT 

Major Henry G Schwartz, M C , A U S 

AND 

Captain George E Rollhac, M C , A U S 

St Louis, Mo 

This report is based upon the experiences which we have encountered 
with seveie head mj lines, which have been admitted duectly to a General 
Hospital m the North Afucan Theatei of Opeiations, or which have reached 
here through the usual channels of evacuation There have been 130 cases 
of fracture of the skull, of which 74 have been battle casualties, and the 
lemamder due to accidentally incurred injury Although the number of 
cases of open head wounds which have been selected as a basis for tins 
report is admittedly small, the cases which are cited lllustiate some of the 
problems of ti eating this type of mjuiy Seveial case histones will be given 
in detail to demonstrate the fact that tieatment, however long delayed, may 
still be expected to yield satisfactoiy lesults We shall confine this report 
to facts which we ourselves have observed, and from which we have drawn 
certain conclusions 

EARLY TREATMENT 

The aim of treatment of head wounds, like that of wounds of other regions, 
is multiple First, the pievention or eiadication of infection in open wounds, 
second, the preservation of function, or the improvement of physiologic 
defects resulting fiom the injury, third, the restoration of anatomic structure 
as completely as possible Eaily and thorough definitive treatment with 
prompt conversion of a bleeding, contaminated, potentially infected, open 
wound, into a dry, clean, closed wound, 1 emains the ideal for which to strive, 
and the following cases illustrate this point 

Case 1 — Age 23, a prisoner of war, was shot by a rifle bullet on August 10, 1943 
At a Station Hospital 45 minutes after injury, a diagnosis of compound fracture of the 
right parietal bone was made Sulfanilamide powder and dry dressings were applied, 
and the patient was transferred here 10 hours later After shaving the head, examination 
showed a wound of entry in the posterior parietal region, with the wound of exit 
about 6 cm anteriorly From the wound of exit, there oozed brain and bloody fluid 
Roentgenograms showed a comminuted fiacture with multiple indriven fragments 
(Fig 1) There was left hemiparesis Operation was performed 13 hours after injury 
After excision of the wound of entry and exit, a partial horseshoe skin flap was reflected 
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exposing comminuted depressed fracture of the upper part of the parietal bone Bone 
edges were rongeured and all loose bone was lifted out There was a laceration of 
the dura, 3 cm long by 1 cm in width Several fragments had penetrated to a depth of 



Fig i — Case i A, Lateral, and B, anteroposterior views showing fracture of the right parietal bone 

with mdriien comminuted bone fragments 


2 ctn All fragments and macerated brain tissue were removed The involved area lay 
chiefly in the aim center All bleeding points were coagulated The dura was closed with 
temporal fascia transplant The rest of the wound was closed in laj ers with silk, without 
sulfonamide or drainage The postoperatne course was smooth The wound healed 
per prtmam The patient was allowed up on the 10th day Neurologic examination 
showed residual left facial weakness, and weakness of the left hand with loss of fine 
movements He was transferred to the Prison Section on August 28 On October 
15. 1943, reexamination showed considerable improvement in skilled movements of 
the left hand 

Case 2 — Age 23, was not a case of gunshot wound, but the problem involved dif- 
fered not at all from that found in tangential perforating wounds On September 1, 1943. 
he was struck in the head by the edge of a log protruding from a rapidly moving 
truck At a Station Hospital the head was shaved, and sulfanilamide crystals and dry 
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dressings were applied to the compounded right frontal wound He was treated for shock, 
and transferred to this hospital 20 hours later Examination on admission showed a 
ragged laceration about 10 cm long over the right frontoparietal region, from which 
bone fragments and brain were protruding (Fig 2) There was left hemiplegia and 
inability to rotate ejes to the left Twenty-one hours after mjuiy, operation was 
performed by Major S P Hai bison After excision of the skin edges, the wound 
was extended mferioily and superiorly, to obtain adequate exposure Multiple bone 
fragments were removed, several fragments projected deep into the brain Macerated 
brain tissue was sucked out to a depth of 4 cm Hemorrhage was controlled with 
coagulation and muscle stamps The dura was closed with temporal fascia transplant 
The rest of the wound was sutured in layers with silk, without sulfonamide or drainage 

The first few days after operation were stormy, with periodic episodes of increased 
blood pressure and restlessness Hypertonic fluids weie used to good effect, with daily 
normal fluid intake being restricted to 1500-2000 cc Beginning about six days after 
operation, the patient’s course improved steadily, and he became oriented and rational 
The wound healed pa pi imam Left hemiplegia persisted, but the left leg recovered 
sufficiently to allow the patient to start walking on the 26th day The defect was 
depressed, soft, and pulsating freely He was sent to the Zone of Interior on 
October 27, 1943 

Case 3 — A French soldiei, age 31, was shot by a rifle on May 16, 1943, and 
reached this hospital one hour after injury There was a perforating wound of entry 
in the left lower frontal region , the bullet traversed tangentially, coming out through the 
tragus and pinna of the left ear Bleeding was profuse from both wounds This 
right-handed patient was not unconscious and had no speech disturbance, astereognosis or 
apraxia Except for hyperactive knee-jerks, neurologic examination was negative Blood 
transfusion was prepared, and operation was begun three houis after injury The wound 
edges were excised and the entry and exit wounds were connected by incision through skin 
and temporal muscle down to bone Depressed, comminuted fragments of the frontal 
and temporal bones were lifted out A dural tear was enlarged and the underlying 
macerated brain was sucked out Bleeding was controlled by silver clips and muscle 
stamps The dura was closed, and the remainder of the wound was sutured in 
layers with silk without drainage and without sulfonamide The postoperative course 
was satisfactory Head and ear wounds healed pa pi imam On June 2, 1943, 16 days 
after operation, neurologic examination was negative, the patient was up and about, 
and he was discharged to the French authorities 

Case 4 — Age 30, was injured by shell fragments on February 7, 1943 He was 
admitted to a British General Hospital three hours later, with a severe compound 
fracture of the left frontal bone, and bleeding from the left nostril Immediate 
operation was performed, through a frontal skm flap Fragments of frontal bone were 
removed and the frontal sinus was curetted out Through a laceration of the dura, the 
damaged tip of the frontal lobe, “the size of a tangerine,” was sucked out All 
bleeding was controlled by coagulation The dura was closed with a fascial transplant, 
and a muscle tampon was placed over a defect in the cribriform plate Sulfanilamide 
powder was applied extradurally and the wound was closed without drainage The 
patient was allowed up on the 12th day after operation, and evacuated to the rear on the 
19th day He arrived at this hospital on March 2, 1943 The left frontal wound was 
well-healed, and pulsated freely There was complete amaurosis of the left eye with 
primary optic atrophy Neurologic examination was otherwise negative The patient 
was perfectly well until March 12, when he developed cerebrospinal rhinorrhea He 
was kept m a sitting or upright position, fluids were forced, and sulfadiazine was 
given prophylactically Rhinorrhea ceased on March iS There were no signs of 
infection or aerocele, and he was discharged to the Zone of Interior on March 30, 1943 

In cases of acute head injury seen early by us, tight closure without drain- 
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age and without local sulfonamide has been the lule Sulfadiazine is given 
orally or parenterally as prophylaxis only in those cases in which infection 
is suspected, particularly m wounds which communicate with the nasal or 
accessory sinuses, e g , Case 4 

Case 4 illustrates the effectiveness of early and thorough treatment of 
a severe head wound complicated by penetration of the frontal sinus and 
cribriform plate, and loss of duia The treatment of the subsequent cere- 
brospinal leak followed well-established principles Had the leak persisted, 
or had an inci easing aerocele developed, secondaiy craniotomy would have 
been necessary 

DELAYED DEBRIDEMENT 

Patients with head wounds who may be expected to survive, tolerate 
transportation quite well, and delayed but thorough treatment is to be pre- 
ferred to early incomplete measures Early in the North Afncan campaign 
we were faced with the necessity of doing long-delayed debridements Since 
then we have found that this proceduie may be expected to yield satisfactory 
results, although undoubtedly not as good as would ensue from more prompt 
definitive care Conveisely, we have been impressed with the complications 
that may arise if reliance is placed upon inadequate early treatment 

The establishment of any'’ aibitraiy time limit -within which definitive 
therapy may be earned out is not necessary Early debridement and closure 
should always lemain our goal However, it should be noted that, with the 
exception of the few' cases with dangerous compression due to hemorrhage 
or a veiy large depiessed fracture, hasty, urgent, inadequate suigery is not 
usually demanded in head wounds Unless thei e is at hand a sui geon familiar 
with the technical aspects of the tieatment of these injuries, and unless he 
has available sufficient equipment with which to control bleeding, plus 
satisfactory assistance and the facilities to care for these patients for 
several days after operation, it is questionable whether any ladical procedure 
should be attempted The desu ability of having such equipment as suction, 
silver clips, and/or electrosurgical unit for hemostasis, cannot be over- 
emphasized 

In our series, theie have been eight cases in which debridement with 
closure was done between 36 hours and foui days after mjuiy, with primary 
healing Additional cases, some of whose lecords follow, were operated 
upon and closed after a much longer interval (one as late as 32 days) with 
surprisingly good lesults 

Case 5 — Age 29, was injured by a mortar shell fragment on March 24, I 943 > 
sustaining a compound fracture of the left parieto-occipital region On the day of 
injury, the wound was “debrided” at a Surgical Hospital, with removal of bone chips 
and copper fragment Sulfanilamide was placed in the wound, and the galea and skin 
were closed in layers The patient reached here on April 8 , 1943 The left parieto- 
occipital wound was incompletely healed , there was one small area which com- 
municated directly with underlying necrotic brain There was early papilledema The 
left pupil was larger than the right Repeated visual field examinations by Capt E B 
Alvis, revealed right homonymous hemianopsia with macular sparing on the right 
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Hyperreflexia with ankle clonus was present, without pathologic toe signs There 
was minimal nominal aphasia, no alexia or agraphia Roentgenograms showed multiple 
indriven fragments m the occipital region (Fig 3) On April 14, (21 days after 
injury) operation was performed under local anesthesia The entire incompletely 
healed scalp wound was excised There was a long narrow bone defect through which / 
necrotic brain extruded, this was enlarged to expose the edges of lacerated dura around 
the periphery Necrotic brain, old blood clots, numerous bits of hair, and multiple 
small fragments of bone were gently sucked out until the edges of the lesion were 
reached Several pieces of bone, with accompanying hair, were found to have perforated 
through the wall of the ventricle, and on removing them there was a gush of ventricular 
fluid All damaged brain was removed The defect involved most of the occipital 



Fig s — Case s A and B Wound of left parietooccipital region, with extensile destruction 
of occipital lobe by bone fragments (arrows) driven in to the midlme In this case, the ventricle was 
penetrated b\ loose bone and particles of hair Delajed debridement, with tight closure, was 
carried out 

lobe, extending medially to the midline , interiorly t9 the second temporal convolution , 
posteriorly only a small bit of brain tissue overlying the tentorium was uninvolved, 
anteriorly the defect extended to the posterior horn of the left lateral ventricle Bleeding 
was controlled by hot saline packs One large vessel near the surface was clamped 
and ligated with silk After the field was dry, the defect was filled with saline The 
thickened galea was split, giving an extra layer for suture, and the wound was closed 
without drainage 

The patient was given a course of sulfadiazine by mouth, and the postoperative 
course was perfectly smooth The wound healed by first intention, and the papilledema 
subsided promptly Examination after operation showed complete splitting of macular 
vision, but there was decrease in the blind spot on the left with some improvement in 
the peripheral field All other neurologic abnormalities regressed and he was able 
to be up and around on the 10th day He was discharged to the Zone of Interior on 
May 15, 1943 

Case 6 — Age 23, sustained a penetrating shrapnel wound of the right fronto- 
temporal region on March 24, 1943 “Debridement” was performed within three hours 
at a Treatment Station, where it was noted that brain tissue protruded from the wound 
Sulfanilamide was applied and the wound was closed At an E\ acuation Hospital the 
next day, roentegnograms showed a metallic fragment in the left parietal region, 
this v'as wisely left alone The patient reached here on March 31, 1943 The sutured 
wound of entry was infected and swollen Neurologic examination was negative except 
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for a dilated right pupil, with ptosis and partial ophthalmoplegia Roentgenograms 
showed a depressed bone fragment at the point of entry on the right, and a metallic 
foreign body at a depth of 5 5 cm in the left parietal region Because of the swollen 
wound and retained bone fragments, operation was performed on April 7, eight days 
after injury The original wound was completely excised Through a defect in the 
anterior part of the temporal muscle, a tract led down to the opening in the bone Two 
pieces of bone were lifted out, beneath them lay false dura Anteriorly unhealthy 
granulations and necrotic tissue were found and removed Sulfanilamide crystals were 
sprinkled in the wound outside the false dura, and closure was done in layers, using 
fine catgut in this case for the temporal muscle and subcutaneous tissue 

The wound healed per pttmam The third nerve palsy cleared rapidly On April 4, 
the pupils were equal and reacted well , extraocular movements were well-performed, 
but some weakness of the levator palpebrae remained The patient was discharged to the 
Zone of Interior on April 17, 1943 

Case 7 — Age 20, was struck by aerial bomb fragments on July 6, 1943 At an 
Evacuation Hospital, immediate debridement was done, with removal of bone fragments 
and necrotic brain, with primary closure The wound of entry in the right frontotemporal 
region was small Proptosis of the right eye developed The patient arrived here on 
Tuly 17, 1943 He was manic, irritable, and uncooperative, there was no power of 
reasoning or judgment The slightest stimulus sent the man into a frenzy of screams 
and obscenity His behavior was thoroughly uninhibited There was a healed 5-cm 
wound in the lower right frontal region The bulbar conjunctiva was edematous and 
protruded between the lids After retraction of the conjunctiva, the cornea was found 
to be cloudy, and vision in the right eye was absent The left optic disk was hazy 
Neurologic examination was otherwise negative Roentgenograms (Fig 4, A and B) 
showed a bony defect in the right frontotemporal region, the roof of the right orbit 
was crushed, and numerous bone fragments could be seen lying in the frontal lobe 
as well as within the orbit There was a metallic foreign body near the surface 
of the left frontal lobe There was no improvement during a week’s observation 

On July 26, 1943, 20 days after injury, bilateral craniotomy through a Souttar 
incision was carried out (Fig 4 C) The original wound of entry was used as one 
of the openings for the right bone flap Extradural dissection was begun anteriorly 
When the orbit was reached, a large duraJ defect was visualized, and necrotic brain 
welled up into the field This was % sucked out and the dissection was carried down to 
the optic chiasm Many fragments of bone were found within the necrotic tip of the 
frontal lobe, and the roof of the orbit was shattered back to the optic foramen These 
fragments were removed, relieving pressure on the orbital capsule The optic nerve 
between the foramen and chiasm was intact After the field was dry and clean, a 
transplant of temporal fascia was sutured in place to close the large dural defect 
On the left side, exposure of the frontal lobe revealed adhesions between cortex and 
dura , on the surface of the cortex there was an area of yellow discoloration, in the 
center of w'hich was a thin layer of necrotic brain covering the underlying foreign 
bodv The fragment, together with the surrounding damaged brain, was excised en masse 
The dura was sutured, and after replacing the bone flaps the wound w r as closed in 
layers with silk Skin sutures were removed on the second day The wound healed 
pci prtvtam, and the postoperative course v'as most gratifying Proptosis disappeared 
The patient became cleai, rational, and cooperative, judgment, insight, and calculation 
v'ere restoied He had no recollection of his earlier behavior On August 17, the 
atrophic right e>e was removed by Capt Alvis On September 6, 1943, he was returned 
to the Zone of Interior with no demonstrable neurologic abnormalities A letter w'ritten 
September 23, reported him to be in excellent state * 

Case 8 — Age 21, w'as struck a glancing blow by a shell fragment on Jul> 12, 1943 
First treatment consisted of dressing, without debridement, he recened sulfadiazine by 
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B C 

Fig 4 — Case 7 A, lateral view, before operation, showing bone defect (wound of entry) in 
the inferior part of the right frontal bone In B, postero anterior view, roof of the right orbit is 
smashed and the orbit is filled with numerous bone fragments (arrow) many of which have penetrated 
the frontal lobe The retained metallic foreign body is visualized in the left frontal lobe C, fcostero 
anterior view, after operation, the foreign body has been removed from the left frontal lobe, and the 
bone fragments have been removed from the right frontal lobe and orbit (Compare with B) Out 
lines of the frontal bone flaps are seen 
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mouth The patient arrived here on July 26, with his original dressing in place There 
was a dirty, sloughing wound of the left frontal region, about 4 cm in diameter 
Roentgenograms showed a comminuted, depressed fracture of the left frontal bone, with 
two small foreign bodies The wound was so grossly contaminated that preliminary 
wet dressings were applied , _ , 

On July 28, operation was performed, with excision of the skin and debridement 
01 the compound fracture Bone fragments and the metallic foreign bodies were removed 
An extradural clot, 1 cm thick, was found over the anteiior part of the frontal lobe, 
and was evacuated The dura appeared to be intact, although it may have been torn 
originally After repeated flushing with ether and saline, a thin layer of sulfanilamide 
was dusted on the dura By means of a short releasing incision, the wound was closed 
without drainage Postoperatively the patient received a course of sulfadiazine by 
mouth On August 5, seven days after operation, the wound was completely healed 
except for a tiny area in the center which was not covered with epithelium, evidently 
due to too much tension This area, about 2 Mm long, was fully healed on August ro 
On August 25, 1943, the patient was discharged to a Convalescent Hospital 

Case 9 — Age 30, a prisoner of war, was wounded about April 23, 1943 He was 
first seen at one of our Evacuation Hospitals on May 1, at which time was described 
a large, gaping wound of the left parietal region “obviously a week or so old” The 
wound was dusted with sulfanilamide and left open He arrived here on May 11 
Examination showed a 2-mch wound with infected cerebral hernia extruding There 
was partial motoi aphasia and right hemiparesis, no astereognosis The herna was 
treated conservatively and became partially epithelized, but there continued to be a small 
amount of purulent drainage 

On June 14, the partially healed wound was completely excised to expose the edges 
of the bone defect Through the defect, necrotic brain was sucked out down to 
intact tissue Within the involved area were two small bone fragments No 

frank pus was seen After complete toilet of the wound, the scalp was mobil- 

ized by undermining and the galea and skin were closed in layers with silk 
The wound healed pa pi imam Neurologically, there was slow improvement in speech 
and hemiparesis The patient’s mental agility was superb, and he was able to defeat 
his comrades and attendants regularly at chess He remained in the Prison section 
until October 8, 1943, when he was repatriated as a walking case 

Case 10 — Age 26, was struck in the right parietal region by a bomb fragment 
on February 18, 1943 Because of the tactical situation, surgery could not be performed 

during his course of evacuation He arrived here on Afarch 2, 1943 Examination 

showed a tiny puncture wound in the right posterior parietal region, with sanguineo- 
purulent drainage Roentgenograms showed a superficial metallic foreign body with a 
small depressed fracture There was tenderness over an area 5 cm )n diameter 
Neurologic examination was negative On Afarch 6, 1943, debridement was performed, 
with evacuation of bone fragments and a moderate amount of pus The dura was intact 
The wound was packed open with iodoform gauze It granulated slowly, and secondary 
closure was done on April 8 The patient was evacuated to the rear on April 21, 1943, 
with his wound completely healed 

Case 11 — Age 23, received a shrapnel wound of the right parietal region on 
July it, 1943 At a Provisional Surgical Hospital, the compound fracture was “de- 
brided,” and brain tissue removed The wound was packed open with sulfanilamide 
powder and vasehned gauze On July 20, he reached a Station Hospital uhere a firm 
pack was removed, revealing a cerebral fungus There was early choked disk and left 
hemiparesis The patient was operated upon by a neurosurgeon nine days after injury 
After debridement, with removal of many bone fragments, sulfanilamide powder was 
sprinkled into the wound, and it was closed around a Dakin’s tube The wound healed 
promptly, and the patient was transferred to this hospital on August 9, 1943 The 
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wound was well-healed Eye grounds were normal Left hermparesis was slight 
The patient continued to show steady improvement and he was sent to the Zone of 
Interior on August 17, 1943 

Case 12 — Age 23, received penetrating wounds of the head and abdomen from a 
land mine explosion on August 7, 1943 He was treated for shock, and celiotomy was 
performed four hours later at an Evacuation Hospital , there was no visceral perforation 
His condition was too precarious for further surgery, and nothing was done to the 
left occipitoparietal wound except dressing with sulfanilamide and vaselined gauze 
He was evacuated on August 12, and arrived here on August 29 En loutc, records 
of tin ee medical installations noted exudation of pus and bone fragments from the wound 
On admission here, there was blurring of the left optic disk with fullness of the 



A B 

Fig s — Case 12 A and B Ver> e\tensne fracture ruth small uound of entry (arrow) 
m the left parieto occipital region Lines of fracture extend through the parietal to the anterior part 
of the frontal bone There are two large fragments which have. been elevated, and numerous 
smaller fragments driven deep into the occipital lobe There is a large metallic foreign body just to 
the left of the midline At operation, two pockets of pus were encountered, one around the metallic 
foreign body, and the other surrounding the mdriven bone fragments Treated bv radical debridement 
and closure 

retinal vessels There was right homonymous hemianopsia with some macular sparing 
The patient was onented, but had nominal aphasia, alexia, and agraphia There was 
weakness of the extremities, with unsustained bilateral ankle and patellar clonus, and 
pathologic toe signs on the right Position sense on the right was partially lost In 
the left occipitoparietal region, there was a puffy, tender area, about 6 cm m diameter, 
with a 2 x 3 cm wound above the pinna of the ear Foul, thick pus exuded through 
the wound Roentgenograms showed extensive fractures of the left parietal and frontal 
bones, there were many bone chips driven deep into the brain beneath the defect, and 
a large metallic fragment in the region of the superior longitudinal sinus, just to the 
left of the midline (Fig 5) While the patient was being built up generally, drainage 
from the wound continued Repeated visual field examinations by Capt Alvis, con- 
firmed the macular sparing 

Transfusion was given preliminary to operation,, which was performed on September 
9, 32 days after injury A left parieto-occipital skin-galeal flap was reflected, which 
included the draining entry wound near its center Necrotic brain oozed from between 
multiple fractured fragments which were denuded of periosteum The fragments were 
lifted out and bone edges rongeured away until the peripheral edges of dura were 
exposed Through the large dural defect, pus began to exude from the inferior as 
well as the superior portions of the parieto-occipital region Surface vessels, of 
as yet intact areas of cortex, were coagulated and the entire lesion was uncapped 
There was one large abscess in the lower part of the field This was evacuated, and 
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from its depths multiple small bone fragments were removed Another abscess lay 
superiorly This was sucked out, and within its medial wall was found the metallic 
foreign body which was seen roentgenographically The piece of metal touched the 
wall of the longitudinal sinus but had not penetrated it, and was removed It was clear 
that the falx formed the medial boundary of the superior abscess Between the two 
abscesses lay a mass of necrotic brain This was removed by suction and found to extend 
to, but not through, the ventricle wall Both abscess cavities and the intervening 
bridge of necrotic tissue were converted into a single saucer-shaped defect, 4 cm wide, 
7 cm long, and 5 cm deep, extending from above downward along the posterior part 
of the parietal lobe, with the falx medially and the petrous ridge inferiorly Marsupiali- 
zation would have been the procedure of choice on the basis of good surgical principles 
However, since the approach had been made through a horseshoe-shaped incision, it 
was feared that a longitudinal incision through the center of the flap would jeopardize 
the blood supply of the anterior half Accordingly, after toilet of the defect, the wound 
of entry was excised and closed, and the skin-galeal flap was sutured in layers, without 
local sulfonamide or drainage It was thought that if abscess recurred, the entry wound 
could be reopened for drainage if necessary 

Sulfadiazine therapy was begun immediately after operation The wound healed 
pei prtmam The postoperative course was uneventful and the patient was allowed up 
on the 10th day The defect remained depressed and pulsated freely Neurologically, 
there was slow but definite improvement Blurring of optic disks disappeared Visual 
fields showed no change Visual acuity was 20/20 in both eyes Nominal aphasia 
improved considerably Alexia was marked but improved so that monosyllabic words 
could be read There was definite acalculia Skilled movements of the right hand were 
slightly less well-performed than on the left Position sense of the arms was intact 
The right lower extremity was slightly spastic with hyperactive knee jerk, no clonus or 
pathologic toe signs Position sense of the right toes and ankle was absent Fine 
discriminatory sense was absent over the entire right side of the body except for the 
head and neck, other sensation was intact The heel-knee test was uncertain bilaterally 
With the hands outstretched and eyes closed, the right arm drifted upward The 
patient was able to walk well with eyes open , but with eyes closed, lack of position 
sense of right foot became apparent He was discharged to the Zone of Interior on 
October 27, 1943 

Cases 5 (21 days), 6 (8 days), 7 (20 days), 8 (16 days), 9 (51 days), 
and 12 (32 days) are illustrative of what may be expected m some cases 
of head wounds even if they are allowed to go for a very long period of time 
before receiving adequate debridement, and are then subjected to radical 
debridement, with tight closure, without drainage This is not to be mis- 
interpreted as meaning that tight closure is the procedure of choice in all 
cases The surgeon must apply his own judgment to each individual case 
For example, in instances where there is gross infection and it is obvious 
that complete cleaning out of the wound cannot be accomplished, drainage 
is essential The wound in Case 11 was closed around a Dakin’s tube which 
was left for two days I11 Case 10 the wound was packed open with iodoform 
gauze because of the extensive aiea of subcutaneous swelling and tenderness 
and the fear of spreading osteomyelitis In this connection, it may be noted 
that, in our experience, spread of osteomyelitis in the skull is far less likely 
in battle wounds than in civilian practice where hematogenous infection occurs 

The good result in Case 5 is particularly significant m view of the long 
delay and the fact that the ventricle was penetrated by bone fragments and 
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hair The procedure followed m Case 12 may be open to justifiable criticism 
This defect presented every indication for drainage, containing as it did two 
pockets of pus and having discharged pus for over four weeks The reasons 
for not draining have been given m the description, and through fortuitous 
circumstance, the case now stands as an extreme illustration of what may 
be accomplished with late debridement and tight closure m at least this 
instance 

As a rule, we have not used sulfonamide locally, even 111 late cases, but 
have given large doses parenterally and by mouth, checking blood concen- 
trations daily Usually, immediately after operation, the patient receives 
either six grams of sulfanilamide subcutaneously, or three grams of sodium 
sulfadiazine intravenously The latter is repeated alter four to six hours 
In practically every case it has been possible to give one gram of sulfadiazine 
by mouth every four hours, beginning about 12 hours after operation The 
six grams per day oral medication is continued for four days m the ordinary 
case (plood and urine being checked), after which time the dosage is 
decreased by two grams daily 

Emphasis should be placed upon adequate debridement Debridement as a 
descriptive term is unhappily used somewhat loosely The foregoing histories 
are a few that serve to illustrate the fact that incomplete debridement is 
usually ineffective It is urged that, even if time is lacking, the surgeon 
should qualify the term debridement so that more rapid evaluation of the 
requirements of individual cases may be made as soon as they reach an 
installation where definitive surgery is available 

If debridement cannot be done adequately in early cases (and it should 
again be pointed out that physical facilities and equipment cannot be over- 
estimated) it is better simply to shave the head and apply a snug, dry 
sterile dressing to the wound with sulfanilamide crystals superficially, and 
transport the patient to the rear, tortified with sulfonamide medication by 
mouth 


FASCIAL TRANSPLANTS 

In our acute cases we have made every effort to restore anatomic relations 
whenever possible, and have used fascial or periosteal transplants when 
necessary to close dural defects In later cases, unless one can be absolutely 
certain of the completeness of the debridement, it u r ould appear to be unwise, 
and we have not closed the dura in such instances The following cases, done 
elsewdiere, are cited The first with successful outcome, and the other two 
associated with complications 

Case 13 — Age 24, was struck in the left parietal region by a fragment of enemy 
antiaircraft shell on April 19, 1943 The wound was excised and metallic foreign 
body was removed at a Clearing Station two and one-half hours after injury He was 
evacuated to a General Hospital (British) where a secondary debridement was done 
on April 21 A bone fragment and necrotic bram tissue were removed A periosteal 
graft was used to close the dural defect and the wound was closed tightly m layers 
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Recovery was uneventful The patient arrived here on May 9, at which time 
neurologic examination was entirely negative, and the head wound was solidly healed 
On May 15, 1943 , he was sent to the Zone of Interior with the expectation of subse- 
quent return to full combat duty 

Case 14 — Age 21, was struck in the right frontal region by enemy rifle fire 
on August 7 , 1943 He was able to walk to an Aid Station, where his wound was 
dressed and he was given sulfanilamide Due to local conditions, he did not reach a 
Field Hospital until August 9 Roentgenograms there revealed a right parietal fracture, 
with numerous foreign bodies at the site of fracture He had a left hemiplegia, and 
brain tissue extruding from the wound On August 10, three days after injury, opera- 
tion was performed After removal of macerated brain and bone fragments, the dura was 



Fig 6 — Case 14 A and B Showing Hrge bone defect in right frontal bone, with some 
deep, retained bone fragments This patient had had a fascial dural graft three days after injury, 
followed by infection and development of cerebral hernia 


closed with temporal fascial graft, local sulfanilamide, closure in layers He was 
removed to a General Hospital on August 16, where it was noted that the right 
frontoparietal wound was broken down and exuding pus The patient was sent to a 
Station Hospital on August 22, and subsequently arrived here oh August 29 Examina- 
tion showed a dirty semilunar wound, right frontal, with granulations and pus extruding 
There was left facial weakness The right optic disk was blurred and there was cervical 
rigidity Roentgenograms here showed multiple linear fractures with a 6 x 2 5 cm defect 
of the right frontal bone Bone fragments were visualized m the brain as well as some 
metallic fragments at the posterior aspect of the defect, just within the inner table 
(Fig 6) On August 30, operation was performed The semilunar incision, through 
which projected three small cerebral fungi was reopened, exposing bulging infected brain 
and a large piece of necrotic fascia, partially attached by multiple silk sutures The 
sloughing fascia was removed together with the sutures There w'ere three separate 
points draining pus The bulging mass of infected brain w r as excised with the electro- 
cautery, exposing in the course of excision several small pockets of pus w'hich were 
evacuated Several pieces of bone were found and removed The underlying brain was 
necrotic and obviously the seat of spreading infection , this was sucked out The wound 
w'as packed open with a Mickulicz dram He was placed on a course of sulfadiazine 
immediately 

Follow’ing operation, meningeal signs promptly disappeared, and the optic disks, 
previously blurred, became clear The exposed brain began to granulate over, and the 
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skm flap became firmly attached except at the lateral margins On one occasion it 
was felt that there was a communication with the ventricle which sealed over A 
small point of drainage persisted This was injected with diodrast and was found 
to extend down for about 2 cm , and there was evidence of osteomyelitis at the lateral 
bone edge On October 15, the skin flap was reflected back, and osteomyelitic bone 
was rongeured away The wound was again packed open Sulfadiazine w r as given by 
mouth The exposed brain became epithelized promptly and the defect was covered 
with solid epithelium except for a tiny area in the center which w r as almost healed when 
the patient was evacuated on November 20 

Case 15 — Age 31, was struck by mine fragments on August 3, 1943 At a 
Clearing Station that evening, a diagnosis of compound fracture of the left frontal 
bone, w'lth herniation of the frontal lobe, w'as made At operation, the defect was 
smoothed, hemorrhage controlled, and devitalized brain removed w.th bone fragments 
The wound w'as packed with sulfanilamide and vaselmed gauze He werft* Through 
a Field Hospital the next day and reached an Evacuation Hospital on August 5 when 
reoperation was undertaken According to the accompanying notes a cerebral fungus 
was resected, requiring “left frontal lobectomy” , a large foreign body was removed 
Sulfanilamide pow'der w'as placed in the w'ound The dura was closed with a fascial 
graft from fascia lata Sliding graft was necessary for scalp closure He was placed 
on sulfadiazine and his condition w r as noted as satisfactory when he was evacuated 
on August 10 He reached here through the chain of evacuation on August 15 

There was foul discharge through the original head encasement Neurologic 
examination w'as negative, speech w’as clear On remo\al of the encasement, there 
w T as a pulsating puffy defect with foul purulent drainage Skin sutures were removed, 
resulting m profuse discharge of pus On retracting the skin edges there w'as a 5-cm 
bony defect in the center of which lay a loose, sloughing fascial graft The graft 
w T as removed together w'lth silk sutures and the wound was packed open The cerebral 
fungus responded well, and in the course of a w’eek began to recede Skin edges w'ere 
allowed to epithehze over the periphery of the hernia and it healed completely within 
six weeks, except for one small area medially, wdneh continued to dram a small 
amount Roentgenograms, w'lth diodrast, showed a small invaginated pocket A tiny 
piece of retained bone fragment was lifted out and a thin rubber drain was inserted 
This resulted in prompt healing The patient w'as discharged to the Zone of Interior 
on October 27, 1943 

The persistent infection which complicated the course in Cases 14 and 
15 might have been expected in the presence of retained bone fragments plus 
the addition of a fascial dural transplant with silk sutures 111 a contaminated 
field They also serve to illustrate the inefficiency of incomplete debride- 
ment 


“packing” of head wounds 

Cases 11 and 15 were both subjected at first to incomplete debride- 
ment with sulfanilamide-vasehned gauze packing We do not believe that 
this type of dressing is applicable to head injuries Just as its abuse has 
been noted in cases of wounds of the extremities, where tight packing results 
m damming up of infected tissues, the packing of a penetrating head wound 
wuth vaselmed gauze (if allowed to remain for long) is equally hazardous, 
particularly when bone fragments and foreign material have not been removed 
The following case illustrates this point 
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Case 16 — Age 35, received a gunshot wound of the head on February 16, 1943 On 
the night of the injury he was treated at a Surgical Hospital, where the “scalp wound 
(was) excised, fracture of skull present, depressed fragments removed, sulfamlamide- 
vaselmed gauze , scalp sutured loosely ” He was started on a course of sulfadiazine The 
patient arrived here on February 24, 1943 He was confused and irrational There was 

A B 



C D 

Fig 7 — Case 16 A and B Showing extent of abscess as outlined by radiopaque iodoform 
gauze dram C and D Comparable views, taken two weeks later, the abscess cavity has become 

much smaller and healing is progressing This patient had retained bone fragments within the 

abscess cavity, original wound treated with vaselined pack 

early papilledema The left shoulder girdle muscles were weak and there was drifting 
of the outstretched left arm Neurologic examination was otherwise negative The 
edges of the infected right parietal scalp wound were held by two silk sutures, which 

forcibly restrained a vaselined pack On removal of the sutures, the pack delivered 

itself, and the underlying wound showed an obvious central defect through which 
necrotic brain oozed Roentgenograms showed a depressed comminuted fracture 
of the right parietal bone with mdriven bone fragments On February 26, operation 
was performed After removal of redundant brain tissue, at a depth of 1 cm a large 
abscess containing 40 cc of thick creamy pus was found and evacuated The abscess 
wall was moderately thick Several pieces of bone were found and removed from the 
cavity Iodoform drains were placed in the abscess and the skin left open Roentgeno- 
grams, with iodoform drains in place, were taken at weekly intervals, and we were 
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able to follow the healing process visually (Fig 7) There was complete healing 
of the abscess and the skin on April 2 Neurologic examination showed almost no 
drifting of the left arm and only slight instability on finger-nose test He was able 
to walk well Optic nerve heads cleared promptly He was evacuated to the Zone 
of Interior on April 8, 1943 


METALLIC FOREIGN BODIES 

The problem of removal of metallic foreign bodies is a difficult one at 
times These materials are usually not a nidus of infection, whereas retained 
bone fragments appeal to be responsible foi infection m most cases The 
occurrence of an abscess around the mdnven piece of metal in Case 12 demon- 
strates that this cannot be considered a hard and fast rule The following case 
is cited to illustrate failure on our part to recognize the presence of a large 
lesion resulting from multiple metallic foreign bodies 

Case 17 — Age 21, was struck by enemy fire on July 12, 1943 The exact type 
of missile was not known Operation aboard ship was performed within 12 hours, 
consisting of debridement, local sulfanilamide and closure of the left temporal wound 
The patient was stuporous and had partial paralysis of the left face and leg, at least until 
July 16, when he reached a Station Hospital There the temporal wound was found 
to be infected, and on July 22, a second debridement was done, with drainage The 
patient’s condition improved and he was evacuated, reaching here on August 8, 1943 

Examination showed an infected left temporal wound with a large amount of 
drainage There was swelling below the mandible with trismus Neurologic examination 
was entirely negative Speech was clear The partial left facial and leg palsy had 
apparently cleared up while en 1 oute Roentgenograms showed a 2 5 cm defect m the 
squamous portion of the left temporal bone, with two large metallic fragments at the 
fracture site, there were several smaller fragments mtracranially beneath the coronal 
suture (Fig 8 A) 

During the next few days trismus became more marked On August 12 an 
aneurysm of the internal maxillary artery was found and excised, resulting in relief 
of trismus The left temporal wound continued to dram profusely Neurologic exam- 
ination remained negative, with normal fundi Sulfadiazine was given right along, with 
maintenance of high blood concentration It was thought that persistent drainage was 
due to retained foreign bodies at the fracture site 

On August 20, operation was done The temporal wound was excised down 
to the anterior part of the pars squamosa A sinus tract ran down to the bone defect 
Lying in the defect were several loose bits of bone, and buried m the zygoma were 
several pieces of metal, dirt, and hair All this was removed and the bone edges were 
rongeured down to healthy bone The dura was covered over with tough scar and 
there was no evidence of a tract through the dura, at this time The wound was closed 
loosely around a Penrose dram 

Sulfadiazine was continued postoperatively The wound continued to drain 
Postoperative roentgenograms (Fig 8 B) showed a clean temporal defect, with the 
previously noted small metallic fragments along the vertex Neurologic examination 
was consistently negative Eye grounds were checked repeatedly by us as well as 
by the ophthalmologist, and disks remained fiat and clearly outlined Visual fields were 
full The patient was mentally clear Vital signs were normal He was allowed to get 
up On September 17, he complained of general malaise and had low grade fever, 
neurologic examination was negative Malaria was suspected, but no parasites were 
found on smear On September 18, there was fully-developed meningitis, with tem- 
perature 104° F , rapid pulse, and stiff neck The patient became very confused Spinal 
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Fig 8 — Case 17 A Lateral Mew showing several large .metallic 
foreign bodies (arrows) within a ragged frontotemporal defect Numerous 
small foreign bodies scattered throughout the frontal lobe B After removal 
of the large metallic foreign bodies and pieces of bone in the defect This 
patient developed an extensive brain abscess which was not recognized 
clinically 
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puncture was dene, piessure was 220 Mm of water The fluid was turbid, contained 
14,000 cells per cc , of which 90 per cent were polys No organisms were found on 
smear Sulfadiazine was continued On the morning of September 19, temperature 
was 99 0 F , neurologic findings unchanged At noon he suddenly lost consciousness and 
died of respiratory failure 

Autopsy showed a narrow tiact running through the scarred dura to the temporal 
lobe There was diffuse basilar meningitis The entire left hemisphere felt soft and 
the gyri m the frontotemporal region were flat and yellow On section of the brain, 
a large, thin-walled abscess was found which involved the frontal and temporal lobes, 
and extended back to the posterior horn of the left lateral ventricle, at which point 
it had ruptured into the ventricle 

On reviewing this case, there are several significant features There 
had been two debudements before evacuation to a General Hospital After 
reaching this hospital, despite the large size of the abscess, there wei e neither 
general pressure nor localizing signs As a matter of fact, mental and 
emotional instability noted on admission heie had disappeared, as had the facial 
and lower extremity palsy which had been observed aboard the Hospital 
Ship From the extent of the lesion demonstrated at autopsy, one would 
have expected aphasia (the patient was right-handed), visual field defect, 
and at least partial hemiplegia The infection had evidently progiessed with 
only thin walling-off despite continued sulfadiazine therapy For our part, we 
were led astray by the fact that there was no demonstrable tract leading 
through the scaired dura at the time of exploration of the temporal wound, as 
well as by the prevailing opinion (which we share) that mtracerebi al metallic 
foreign bodies are not often associated with abscess In our own experience, 
mdriven bone fragments have most frequently been found m association 
with infection The peisistent discharge of pus led us to suspect, erroneously, 
that there might be osteomyelitis of the superior margin of the zygoma In 
restrospect, despite lack of geneial piessure and localizing signs, the mis- 
take we made was m not exploring mtradurally with a needle If it was 
felt unwise to insert a needle through the infected temporal defect, this 
procedure could have been done safely through a perforator opening in a 
clean field 

We believe that the removal of indiiven bone fragments, with particles 
of clothing, hair, etc , is of paramount importance m all cases If a metallic 
foreign body is leadily accessible and if its removal does not mean inflicting 
severe functional damage, then every effort made to effect its removal 
is justifiable We do not yet know what incidence of traumatic epilepsy 
may be expected to occur m this war, m head wounds with retained foreign 
body and cortical scar In Case 7 it was believed that removal of the 
foreign body (Fig 4) which lay near the surface of the left frontal lobe 
was indicated at the same time that we performed delayed debridement of 
the right frontal lobe 

Due to the relatively short period m which wounded men remain in the 
Theater of Opeiations, we could not expect to encounter many cases of 
traumatic epilepsy. The following case of jacksoman seizures which came 
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undei our care is cited as oui single expenence with the condition in this 
Theater 

Case 18 — Age 24, was struck by high explosive fragment during an air raid on 
June 6, 1943 He did not lose consciousness At a General Hospital (British) two 
hours after injury, examination showed a small penetrating wound of the right 
parietal region just above the ear He had a right peripheral facial weakness, partial 
flaccid paralysis of the left arm, and absent knee-jerks Debridement, with primary 
suture, was performed immediately The immediate postoperative course was uneventful, 
and he was transferred to a Station Hospital on June 23 The following day he had 
a Jacksonian fit, beginning in the left hand and arm, spreading to the left leg, and then 



Fig g — Case 18 A and B Penetrating wound of right parietal bone with retained bone frag 
raent and metallic foreign body Patient had Jacksonian seizures beginning m the left hand At 
operation cortical scar with retained foreign body removed cn masse 


becoming generalized He was transferred to a General Hospital on June 25, where 
the wound broke open and drained a small amount of serous fluid This healed "within 
a few days, and the patient reached this hospital on July 21 There was a healed 
incision 3 cm long in the right parietal region, with a small underlying bone defect 
The only neurologic abnormalities were astercognosis, ataxia, and lack of fine move 
ments of the left hand Roentgenograms showed a few loose fragments of bone directly 
beneath the bone defect and a small metallic foreign body, 1 \ 05 cm apparently within 
the cortex (Fig 9) The patient was right-handed 

On July 29, 1943, approximately seven weeks after injury, and one month after 
the wound was healed, a right parietal craniotomy was done Through a small bone 
flap, the original laceration of the dura was found to be covered with tough fibrous 
tissue which led down through a dense scar to underlying brain This part of the 
dural flap was cut out In the position of the arm area the cortex was yellow and 
scarred, with the rolandic vein running along the surface It was possible to peel this 
vessel away from the lesion and preserve its continuity Superficial vessels were clipped 
and cut, and the entire scar with its retained foreign body was removed en masse 
The defect was 3 cm in diameter and 2 5 cm deep The wound was closed in layers 
with silk, using a piece of temporal fascia to close the dural defect While undergoing 
anesthesia (pentothal sodium), the patient had tonic-clonic movements of the left arm 
and leg, but did not go on to general convulsion On two occasions coagulation of 
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small vessels at the periphery of the cicatrix resulted in flexion of the left hand and 
arm, and rotation of the shoulder 

On the night of operation, the patient was started on luminal, grains one, three times 
daily There was paresis of the left arm and face, the leg was not affected On the 
first day, he was able to extend and rotate the arm and hand, and the facial weakness 
was disappearing Sutures were removed on the second day, at which time there was 
no longer any facial weakness, and the arm was improved The wound healed pei pi imam 
By the tenth postoperative day arm movements had returned and he was able to 
manipulate a match box with his left hand as well as before operation He was allowed 
up on the loth day, and his course continued satisfactory Astereognosis and impairment 
of fine movements of the left hand were still present when the patient was retuined 
to the Zone of Interior on September 6, 1943 In a letter dated November 1, his sole 
complaint was sensory impairment of the hand 

In cases m which the retained metallic foreign body is inaccessible, where 
it is situated m a vital area, the offending fragments should not be disturbed 
unless it gives rise to abscess later on Figuie io shows a metallic fragment 



Fig io — A and B Films of a soldier with a healed penetrating wound of the right orbit Se\ 
eral retained metallic foreign bodies the largest of which lies in the midline directly above the sella 
turcica There had been transient poljuria and poljdipsia which cleared rapidly No attempt at 
removal of foreign body indicated 


which entered the right orbit of a soldiei on February 27th and lodged over 
the sella tuicica Theie had been transient polydipsia and polyuria early, 
but neurologic examination was entuely negative, and there were no hypo- 
thalamic signs or symptoms on ai rival here on March 8, 1943 Any attempt 
at removal of the foreign body would have been disastrous 

The following case demonstrates a problem that may arise from time 
to time 


Case 19 — Age 22, sustained a penetrating wound of the parieto-occipital region on 
March 28, 1943 There was almost total blindness immediately On March 31, de- 
bridement was performed at an Evacuation Hospital, with removal of bone and metallic 
fragments from both calcarine areas, “some fragments were inaccessible” At a Station 
Hospital papilledema was noted on April 10, 1943 He reached here on April 12, 1943 
There was a transverse occipitoparietal wound just abo\e the region of the torcula 
which was healed except for one area in the center at which point galea was not epithelized 
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There was bilateral papilledema Visual acuity, bilateral, was limited to finger move- 
ments at five feet Roentgenograms showed a defect over the midline posteriorly, there 
were several metallic foreign bodies including one which appeared to be within the 
region of the sinus (Fig il) We believed, with the original surgeon, that removal 
of the fragments should not be attempted unless absolutely necessary Aspiration with 
a needle through intact lateral margin of the defect yielded a few drops of sero- 
sanquineous fluid, no pus The eye grounds were checked repeatedly, and papilledema 
receded gradually, so that there was no measurable elevation by April 24 Visual acuitj 
rose to 3/200 in each eye Tangent screen examination on May 11, showed right 
homonymous central field defect with involvement of the maculae The unhealed portion 
of the wound healed within a few days The patient was able to be up and about and 
was discharged to the Zone of Interior on May 16, 1943 Had signs of pressure per- 
sisted, we would have been obliged to remove the shell fragments as a source of infection 



A B 

Fig 11 — Case 19 A and B Wound of occipital region, raidlme, with retained metallic foreign 
bodies just above the torcular Herophtli Admitted after early incomplete debridement, with choked 
disks Under conservative treatment, pressure signs disappeared, and there were no signs of 
abscess Foreign bodies were not removed 

Parenthetically, it might be added that an attempted removal of these foreign bodies in 
the forward echelon, without adequate facilities would have courted disaster 


[closure of^wounds 

In early cases, following debridement, it has been an accepted neurosurgical 
piactice to close the head wound tightly, without drainage Such closure 
after careful toilet of the wound will almost inevitably result in primary heal- 
ing, and will prevent the development of a cerebral hernia, with its long period 
of morbidity At times, there has been so much loss of skin that after 
excision of only a narrow margin, difficulty 111 closure is encountered If 
undermining does not result m sufficient mobilization of the scalp, one may 
then be forced to use releasing incisions and “sliding grafts ” If this procedure 
is performed, sufficient relaxation must be sought to allow closure -without too 
much tension, and the releasing incisions must be so placed as not to jeopardize 
the vitality of the primary wound 

We have had to resort to releasing incision in only one case, and m that 
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instance (Case 8 ) it is worth pointing out that one part, however small, 
of the primary wound was not fully healed until the 12th day, this was due 
to too much tension The following case is presented as an instance m 
which laterally placed releasing incisions appeared to have jeopardized the 
vitality of the central wound, although local infection was probably the mam 
factor 

Case 20 — Age 49, was hit by shell fragments on April 23, 1943, sustaining a 
penetrating wound of the vertex He was taken to an Evacuation Hospital, where pre- 
opeiative examination noted "neurological essentially normal, except for semicoma” 
Roentgenograms showed a defect m the vertex of the skull, with a metal fragment deep 
in the right temporal lohe The wound was debrided on the day of injury, exirt time 
interval not known The superior sagittal sinus, which ran through the wound was 
successfully avoided Bone fragments were removed, but the .metallic fragment was not 
looked for The dura was not closed To close the scalp, two lateral releasing incisions 
weie made The patient was transferred to another Evacuation Hospital on April 25, 
where "sensory epilepsy” was noted At a Station Hospital on April 30, paralysis of 
both legs was observed The patient arrived here on May 4, 1943 

Examination showed an area about 6 cm in diameter directlv over the vertex, 
which w'as red, hot, and swollen There was a central tripod me lsion, flanked by two 
lateral releasing incisions, about three inches long The three wounds weie covered 
with pus, and the tupod had broken dowm, with cerebral fungus protiuding From the 
lelative position of the anterior limbs of the tripod and the releasing incisions, it was 
thought that blood supply to the central wound was not adequate The patient had 
terrific paioxysmal pain in both legs The left leg was completely paralyz'ed , the 
right partially so Both disks were blurred The right pupil was largei than the left 
There was marked incoordination and loss of fine movements in both arms, particularly 
the left There were no pathologic toe signs Sensation was definitely diminished and 
position sense was absent m both legs 

The head was shaved and wet dressings were applied for a few days to reduce 
the cellulitis Fluid intake was limited, although sulfadiazine was given After cellulitis 
had disappeared, aspiration with a needle through a clean field was done to rule out 
possible abscess , no pus was obtained The bulging hernia was then treated with 
boric-vaselined dressings Lumbar puncture was done twice to reduce the protruding 
mass After subsidence of the cellulitis and infection, the hernia receded and epithelization 
began Pat 1 passu with recession of the hernia the patient’s condition steadily improved 
On June 6, 1943, there was complete healing of the tripod as w r ell as the releasing 
11 cisions, and the defect was flat Disks were normal The patient was free of pain 
Abnormal signs in the upper extremities disappeared He was able to move all muscle 
groups of the lower extremities, but was not yet able to support his own weight 
There was marked ataxia on heel-knee test Absent position sense below hips, and loss 
of fine discriminatory sensation below the costal margin There was no clonus or patho- 
logic toe signs The patient was discharged to the Zone of Interior on June IS, 1943 

In late cases, closure may be attempted if there is no massive infection, 
and if removal of all involved necrotic tissue and retained fragments is 
accomplished This has been carried out successfully m cases cited 
previously Although it was also successful m Case 12, m the presence 
of abscess, we realize that this was a risky procedure, and this case would 
have been more safely handled if drainage had been instituted 
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HERNIAE CEREBRI 

In a certain number of cases, cerebral hernia is bound to occur In our 
series, this complication was noted in either (i) cases incompletely debnded 
and closed, and broken down by infection, or (2) cases which were so 
badly infected by the time first medical treatment was available that closure 
was deemed unwise, or (3) cases which were debnded but were not closed 
tightly 

Treatment of such herniae is conservative If superficial infection is 
taken care of, recession of the hernia with epithehzation usually occurs, unless 
there are retained bone fragments or other material which act as a focus ot 
deep infection In cases without retained material, we have dressed these 
wounds with fine meshj vaseline- or boric ointment-impregnated gauze, after 
preliminary cleansing with boric acid solution or wet saline dressings If 
the hernia is large, lumbar puncture is done to promotfe recession of the 
mass Where bone fragments are retained beneath the surface, there will 
usually be a draining sinus through the hernia, and prompt removal of the 
fragments, with drainage, will save time and may prevent more serious 
complications If the hernia continues to enlarge and shows no signs of 
lecession, underlying brain abscess should be suspected, and if this is present, 
should be treated by uncapping the hernia and instituting drainage It is 
our opinion that drainage, with removal of contained bone fragments and 
foreign bodies in the abscess, should be performed promptly 

The following case represents an unhappy outcome due to abscesses 
beneath a cerebral fungus 

Case 21 — Age 24, prisoner of war, sustained a penetrating gunshot wound of the 
left frontoparietal region on May 5, 1943 Available records began only after his 
first admission to an American Eiacuation Hospital on May 11 At that time, he was 
aphasic and had right hemiplegia, pulse was slow, the left pupil was larger than the 
right The previously sutured scalp wound was infected Roentgenograms revealed 
a slight shift of the calcified pineal body to the right and downward On May 12, the 
infected scalp wound was opened, with escape of pus and blood The brain was 
apparently sealed over and was not disturbed The wound was left open, with sulfanila- 
mide and vaselined gauze A left subtemporal decompression was then done The 
patient was transferred here on May 20, 1943 Examination showed tense, subtemporal 
decompression Near the vertex on the left, theie was a cerebral hernia which bulged 
moderately There was aphasia and right hemiplegia On May 26, 1943, operation w r as 
performed The edges of the old infected cruciate wound of the vertex w'ere retracted 
Redundant hernia was excised, and at depth of 4 cm , a large multiloculated left frontal 
lobe abscess, with retained bone fragments, was evacuated and drained with iodoform 
gauze Immediately followung the procedure, the subtemporal decompression became 
flat and remained so for a week With iodoform drains in place, roentgenograms demon- 
strated apparent healing of the large abscess Another abscess was suspected in the 
inferior part of the frontal lobe m the vicinity of a retained metallic foreign body 
This proved to be a small one when aspirated through a perforator opening on June 8 
The patient received continuous sulfadiazine therapy from May 26 until he died on 
June 22 Autopsy mealed complete healing of the large multiloculated abscess which 
was drained on May 26 Throughout the remainder of the left hemisphere, including 
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the occipital lobe, however, there were multiple small abscesses, with a small amount 
of pus in the left lateral and the third ventricles 

SUMMARY AND CONCLUSIONS 

(1) The experiences m the treatment of craniocerebral wounds in a 
General Hospital m the North African Theater of Operations are presented 

(2) Early complete debudement of head wounds, with anatomic closure 
m layers, and without drainage, is the most desirable type of therapy 

(3) Satisfactory results may be achieved by thorough debridement, even 
when there has been a very long delay In selected cases, delayed debridement, 
with tight closure, and without diamage, has been successful after as long 
as 32 days The establishment of any arbitrary time limit within which 
definitive treatment may be given is not indicated 

(4) If facilities for definitive neurosurgical therapy are not available 
111 the forward echelons, it is to the patient’s advantage that he be trans- 
ported to an area where such facilities are available, rather than be subjected 
to inadequate early treatment Prior to evacuation, the scalp should be 
shaved and a sterile dry dressing, with sulfonamide crystals, applied 

(5) Facial transplant for repair of dural defects is hazardous in late 
cases 

(6) “Packing” with sulfanilamide- vasehned gauze is not applicable to 
the treatment of craniocerebral wounds 

(7) Retained bone fragments, with 01 without foreign materials, are the 
most common source of persistent suppuration, and their removal is almost 
mandatory Metallic foreign bodies do not commonly act as a focus of in- 
fection, but may do so 

(8) Sulfonamides have been used in the treatment of this group of cases 
However, as a rule, w r e have not used sulfonamides locally, but have given 
these drugs parenteially and orally 
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SECONDARY SUTURE OF WAR WOUNDS 

A CLIJULCAL STUDY OF 305 SECONDARY CLOSURES 

Lieut Col Harwell Wilson, M C , A U S 

Delayed wound closure in civilian practice is a procedure which is not 
frequently employed In the care of battle casualties, secondary closure of 
the wound plays a vital part in the early return of soldiers to duty Experi- 
ences gained during the past year have reemphasized certain surgical prin- 
ciples involved in the management of these wounds It is believed that 
the principles involved in the successful management of wai wounds are equally 
applicable to certain traumatic wounds seen m civil practice 

Adequate debridement without suture of war wounds in the initial stage 
of treatment is a necessaiy principle, the importance of which has been re- 
peatedly emphasized 1 This procedure is necessary because of the exten- 
sive devitalization of tissue so frequently found in war wounds, the extensive 
contamination of such wounds with foreign material, and the time-interval 
often present between receipt of the mjuiy and the initial surgical treatment 
During a period of rapid evacuation of war casualties, it is often necessary 
for an individual to be cared for by a number of different surgeons within a 
relatively short period of time This fact, alone, would make primary closure 
a dangerous procedure except in some special cases such as some wounds 
involving the head, face or chest 

Due to the necessity of extensive debridement without suture, many war 
wounds require a long period of time for healing to occur unless secondary 
closure is performed From the military point of view it is important to 
secure early healing in order to return the soldier to duty as soon as possible 
For the individual, successful secondary closure usually means a better func- 
tional and cosmetic result, a more rapid improvement m general condition 
due to the closure of an open wound, and the avoidance of the possibility of 
long-protracted ulceration in a large cicatrix Ulceration may result from 
lack of blood supply to the central area of such a cicatrix left to heal by 
second intention 

In a preliminary communication we reported m detail our experience with 
a group of 138 secondary closures 2 Since this report was written our ex- 
perience has been more extensive with cases of this type, and we have also 
had an opportunity of seeing more cases relatively soon after the receipt of 
the initial injury Overseas military hospitals are employing delayed closure 
successfully on a very extensive scale, as shown by the recent reports of 
Kirtley and Trabue, 3 Rusbridge, Krajeski and Silver, 4 and others 

Types of Wounds Suitable foi Secondary Closuie — The wounds most 
suitable for this procedure are those involving soft tissues which have been 
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adequately debrided within the past ten days, that have not been subjected to 
frequent changes of dressing, and which appear clinically to be relatively 
clean Wounds older than ten days showing slight infection m patients who 
are fever-free may be prepared for closure by a short period of warm wet 
dressings Studies are now being undertaken m certain specially designated 
installations to determine whether or not successful secondary suture may 
not be accomplished in certain compound fractuies It is also hoped that with 
caieful use and good judgment, penicillin may extend the use of delayed closure 
to some othei cases where at piesent it is not believed to be a desirable 
piocedui e. 

Factors Favonng Successful Secondary Wound Closme — These factors 
aie essential^ the same as those of importance m the healing of any wound 
by hist intention Of greatest importance is a wound which is relatively free 
fiom infection Closme without tension, adequate hemostasis, the avoidance 
of dead space, and suitable postoperative splinting are the most important 
local factois favoring successful secondaiy closure Attention to systemic 
factors favoring wound healing are important in these cases because many 
of the patients may be suffenng fiom anemia as the result of extensive blood 
loss at the time of injury, the diet may not have been adequate during a 
prolonged period of combat, and the patient is likely to be gieatly fatigued 

A normal red cell count, hemoglobin, plasma piotem, and vitamin C le\ el 
m the blood aie all especially impoitant in the proper management of such 
cases 5 » 6 » 7 * 8 > °> 10 ’ 11 

Sulfonamides have been employed systemically and locally in some cases. 
It is fair to state, howevei, that successful closures aie possible in a high per- 
centage of cases without the use of these drugs In our experience, it seemed 
that wounds clean enough to close would almost always undergo primary 
healing without sulfonamides Whereas, if they appeared insufficiently clean 
for suture, sulfonamide would not enable a closure to be successfully accom- 
plished This agrees with the findings reported by Kirtley and Trabue 3 

Piepmahon of Wound fot Closme — Wounds considered applicable for 
possible closure were carefully guarded from contamination They were 
usually inspected briefly, using mask and instrument technic The final layei 
of vaselmed gauze covering the wound was usually left m place until the 
patient was actually m the operating room Extensive wounds were usually 
dressed m the operating room In some cases which did not appear to be 
clean, a period of warm, wet pressure dressings was used from two to five 
days prior to suture 

Method of Closme — Experience showed that the optimum method of 
wound closure varied to some extent with the type of wound In cases having 
had an adequate debridement withm the previous five to seven days, that are 
fever-free, and at the first dressing appear to be clean, the method of choice 
is a simple closure consisting of interrupted sutures either plain or of the 
vertical mattress variety Wounds older than ten days usually require a 
period of wet dressings, and do best when treated in a different manner Such 

153 



HARWELL WILSON 


Annals of Surgery 
February 19 4 5 


wounds are much less pliable, the tissues having become relatively fixed 
These wounds are best closed by total or partial excision of the wound In 
such instances it is best to remove approximately J / & - to %-inch of skin and 
subcutaneous tissue The granulating base is also best excised In our earlier 
experience it was felt that such treatment in old wounds might break down 
natural barriers to infection It is believed that the complete obliteration of 
dead space accomplished by wound excision in the older cases is an important 
factor in producing primary union m such cases 

ANALYSIS OF CASES 

This report deals with a group of 305 secondary closures performed upon 
209 patients The interval from the time of debridement to the time of clo- 
sure varied from 4 to 47 days The size of the wound varied from that of a 
few centimeters to one wound measuring 30 x 8 x 4 centimeters The major- 
ity of the wounds involved the extremities , however, secondary closures were 
performed on almost every part of the body 

The time of closure was based upon (a) the time the patient arrived at 
our hospital from forward installations, and (b) the gross appearance of the 
wound In 79 closures, cultures were made prioi to operation, however, if 
the wound appeared to be clean on inspection, operation was usually carried 
out without further delay In 73 wounds bacteria were found In almost 
every instance the organism grown was the staphylococcus No streptococci 
were cultured from these wounds 

Results of Closui es — The best results, as mentioned above, were obtained 
in cases closed within ten days of the primary debridement Five to seven 
days would be considered the optimum time There were 224 closures per- 
foimed within ten days of the initial debridement One hundred-ninety clo- 
sures, or 85 per cent, healed without evidence of infection In 25 cases, or 
1 1 per cent, there was slight infection necessitating the removal of one 01 two 
sutures It is pointed out that in these cases, however, much time was saved 
for the patient In only nine instances, or 4 per cent, of this group, did total 
bieakdown of the wound occur Thus, all of these closures except the 4 
pei cent that completely broke down may be said to have been of benefit 
to the patient 1 

Among the closuies undei taken after a period of ten days, 37 wounds 
were closed by simple suture, undei mining the edges of the wound slightly 
if necessary for closure without tension 

Thirty-eight per cent healed absolutely pei pi imam, m 54 per cent it was 
necessary to remove one to three sutures because of slight infection, while 
8 per cent showed total break down of the wound, and w'ere listed as failures 
In 44 cases beyond the ten-day interval that were treated by excision of the 
wound and suture, 64 per cent healed absolutely pei pi imam , m 32 per cent 
it was necessary to remove from one to four sutures, and in only 4 P er cent 
of the closures did the wound completely break down In a few r of the cases 
a lubber tissue drain was placed m the wound at the time of closure As our 
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experience increased fewer wounds were drained and the results seemed to 
be improved In wounds involving deep fascia or muscle depths, or in old 
wounds that previously had shown the presence of an extensive infection, a 
rubber tissue dram is still felt to act as a safety valve and, if removed at the 
proper time, causes little trouble Drains, however, should by no means be 
used as a routine procedure if primary healing is expected m a high per- 
centage of cases 

Seventy-nine wounds were cultured preoperatively and organisms were 
grown, usually staphylococci, from 73 wounds No streptococci were found 
It is our feeling that practically all of the wounds contained some bacteria 
and that only a quantitative difference existed From a practical standpoint, 
cultures were of relatively little aid, as the clinical appearance of the wound 
offered sufficient criteria upon which to base closure of the wound 

Concomitant Secondary Closwe and Skin Giaft — In some instances where 
there has been extensive tissue loss complete closure without tension may 
prove difficult or impossible In such instances it was found that complete 
closure was usually best accomplished by covering the remainder of the 
wound with a split-skm graft at the time of partial closure by secondary 
suture This method was found applicable to both early and late closures 
In some cases with extensive loss of tissue, when adequate debridement had 
been performed and the wound had not been dressed, a large split-graft was 
applied at the first dressing in the operating room, when the extremities of 
the wound were partially closed by suture In some other instances, late cases 
where warm wet piessure dressings were used to prepare the wound for 
closure, split-grafts were also successfully used to secure closure without 
tension 

SUMMARY AND CONCLUSIONS 

1 Successful secondary closure of adequately debrided war wrnunds can 
be accomplished safely in a high percentage of cases 

2 Closure within a ten-day interval results m a higher peicentage of 
wounds which heal by first intention 

3 In old wounds the best results were obtained by wound excision 

4 Wounds with extensive loss of tissue may often be closed early by the 
concomitant use of secondary suture and a split-skm graft 

5 The importance of both local and general factors m wound healing is 
emphasized 

6 The conclusions expiessed m this report are based on a study of 305 
secondary closures 
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REFRIGERATION ANESTHESIA AND EVALUATION OF 
AMPUTATION SITES BY ARTERIOGRAM 

E Howard Cayford, M D , and H Gurth Pretty, M D. 

Montreal, Can 

FROM THE SERVICE Or DR FRASER B GURD, THE MONTREAL GFNERAL HOSPITAL MONTREAL CANADA 

Physicians and surgfons today are becoming more familiar with the 
work done on cooling or refrigerating living tissues, Frederick Allen, 1 Brooks 
and Duncan 2 and Temple Fay, 3 and their associates, have made the greatest 
contributions up to the present time Allen reported his experiments on the 
tourniqueted limb immersed m ice about five years ago He discussed the 
physiology of the ligated limb with reference to preservation of tissue, low- 
ered metabolic requirements and the surgical possibilities available to us 
under lowered temperatui es, Brooks and Duncan made their studies of the 
effects of tempeiature on the survival of anemic tissue Temple Fay 
reports ioo cases of general refrigeration where the whole body temperature 
is reduced to around 8o° F to go° F , the lowest temperature obtained 
was 74 0 F by rectum and the longest penod of refrigeration was eight days 

This discussion will be limited to the use of loweied tempeiatures foi 
the purpose of limb amputations In the Montreal General Hospital the 
procedure was earned out on 22 patients The cases lefened to were m 
nearly every instance grave opeiative risks, some of them would not have 
been offered the help of surgeiy if it weie not for this method of anesthesia 
For example, there is the severely injured who is already in shock, or the 
diabetic arteriosclerotic, and the cardioienal deficiency case, then there is 
the senile decrepit type who through malnutrition or chronic disease would 
not weather a standard type of opeiative procedure under general or spinal 
anesthesia 

FATALITIES 

As there are foui deaths 111 this small series it may be instinctive to go 
into some detail with each fatality 

Case 1 — A male, age 56, was brought m by ambulance, suffering from a fractured 
skull and a compound fracture of the left femur The soft tissue injury at the site 
of the fractured femur was extensive and involved tearing of muscle sheaths and 
mangling of the muscle fibers For the first three days he was treated for shock, 
and during this time the injured limb was sphnted and a thorough debridement of 
the wound was carried out, followed by a sulfathiazole emulsion pack On the 
fourth day the temperature rose to 103° F The limb became dark 111 color, although 
the popliteal pulsation was still palpable There was a foul odor from the wound, 
and the general picture was one of septic absorption It was felt that a high ampu- 
tation was the only hope of saving his life This was undertaken under refrigeration 
He died the next day Postmortem shoved Cl w clchn in the thigh muscles 

Case 2 — A female, age So, suffering from arteriosclerosis She had hypertension, 
a rough systolic murmur, and the heart grossly enlarged to the left There was ankle 
edema and shortness of breath On the right heel was a dark reddish patch and from 
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that area was a gangrenous process spreading over the foot Amputation seven inches 
below the knee joint was carried out under refrigeration For some unaccountable reason 
Hi this case the ice pack contained salt and the surface temperature was reduced to the 
fieezing point When the leg was lifteu out of the ice in the operating room there 
were blebs on the skin surface due to the excessive low temperature These were 
aspirated and on culturing were shown to contain Cl wclchn She was treated at once 
by every means in her defense but died of gas gangrene seven days later 

Case 3 — An elderly woman of uncertain age She also had arteriosclerosis and 
diabetes with gangrene of the left leg An ice pack was instituted in the usual way 
and a midthigh amputation carried out without any apparent ill effects She died 
of a cerebral hemorrhage a few hours after operation 

Case 4 — Female, age 57 An arteriosclerotic diabetic, almost blind She had 
been admitted several times previously for an unhealed ulcer on the right heel On the 
present occasion, there was evidence of a spreading gangrene over the foot and ankle 
The dorsalis pedis artery and the peroneal aitery were pulseless The popliteal artery 
was, on the other hand, quite normal An amputation at the site of election was carried 
out under refrigeration She died of a ••apidly progressing gas infection on the fourth 
postoperative day 

Comment — Since three of the deaths were due to gas gangrene we 
have naturally been very disturbed The first case with the deep muscle 
wound fell 111 line very well with our knowledge and experience of gas 
infections The second case, however, had no open wound until the blebs 
were formed by the unfortunate excessive low temperature caused by the 
salted ice We then feaied that we weie introducing the organism through 
the medium of river ice and bencefonvard decided to use artificial ice or 
mechanical lefrigeration entirely The fourth case died of gas gangrene in 
spite of the precautions prompted by the pievious experience and improved 
technic The only open wound w^as a chronic gangrenous ulcer surrounded 
by inflammatory tissue There was, however, thick, dark colored leathery 
skin about the ulcer and covering a tough, ligneous deep tissue surrounding 
the lymphatics Gas-forming organisms have been isolated on numerous 
occasions from devitalized tissue in the region of chronic ulcers We are 
of the opinion that the spores may he dormant in the lymphatics and also 
m the deep tissues surrounding the lymphatics It is probable, too, that 
tissues so affected may extend high up in the limb 

GENERAL PROCEDURES 

Refrigeration anesthesia cools and numbs the tissue cells en masse 
It is, therefore, a general tissue depressant without any particular selective 
action on nerve trunks Refrigeration produces first of all a vasoconstriction 
and later a vasodilatation, this reduces edema and minimizes transudation 
of tissue fluids rendering the tissues firm Shortly after refrigeration com- 
mences there is a mild analgesia over the once painful extremity The patient, 
relieved of Ins agonizing pain, may now r enjoy a substantial meal before going 
to the operating room or immediately afterward There is no shock to the 
procedure whatsoever, as determined by the ordinary signs and symptoms 
or by the Scudder estimation There is no real necessity of a sedative 
although in many nervous people it is probably advisable The anesthesia is 
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adequate and will last about one hour, thus allowing the surgeon to carry out 
any type of amputation procedure he desires The sawing of the bone 
sometimes disturbs the patient but he will generally admit there is no pain 
Severing of the large neive trunks is quite painless but one cannot pull the 
nerve down from a higher cut without some pain , to obviate this discomfort 
it is quite easy to separate the muscle fibers upwards an inch or so and m 
that way cut off the nerve above the line of amputation Or, if the surgeon 
desires, he may inject novocame into the nerve, or novocaine and alcohol, 
to avoid the painful neuroma later This brings up the question of the 
tourniquet, and perhaps suggests its only value In a completely ligated 
limb the large neive trunks are absolutely senseless to pain, whereas in the 
nonligated limb the analgesia is sufficient to handle the nerve without 
undue discomfort 


TOURNIQUET 

Allen, and his coworkers, have proved to their own satisfaction that the 
tourniquet is harmless under reduced temperatures Others have remarked 
that the dangers of the tourniquet are reduced but not entirely eliminated 
Gerald Pratt 4 stated that "Ice is reserved fot those patients whose chances 
of surviving a general anesthetic are very poor and where the dangers of 
the tourniquet are less than the dangers of anesthesia ” In the small series 
at the Montreal General Hospital the tourniquet was dispensed with m 
1 8 of the 22 cases This was done, realizing fully that warm blood was 
surging through the depth of the limb to be chilled The only precaution 
was to chill the limb long enough and high enough, an average of four 
hours for the upper third of the tibia and five hours for thigh amputations 
It is now common knowledge that the limb can be immersed in ice for 
days, as long as there is no tourniquet We have attributed the early and 
uneventful healing of the stump wounds to the fact that the tourniquet was 
not used in these cases It must be borne in mind that the tissues dealt 
with here are already devitalized and the trauma of the scalpel alone may be 
more than the local healing processes can deal with The tourniquet, we 
believe, weighs heavily against early healing by adding further trauma 
through local pressure on unfavorable tissue material which is traversed 
by sclerosed capillaries to the wound edges 

TECHNIC OF APPLICATION 

The technic used is a modification of that described by' Allen Usually 
a mild sedative is given before immersion of the limb into the ice We 
have used % gr morphine sulfate and %oo g r hyoscine The refrigerating 
apparatus is made up by materials which are available in any ward First, 
an ordinary' single leg cradle is inverted m the bed and lined with a rubber 
sheet sufficiently' long to extend from the ischial tuberosity downwards to 
beyond the foot of the bed and into a pail on the floor Finely' chopped artificial 
ice is then distributed about four inches in depth along the floor of the 

160 



Volume 121 
Number 2 


REFRIGERATION ANESTHESIA 



Fig i Fig 2 

Fig 1 — Produced by injecting 20 cc 70 per cent diodrast into the femoral irterj just below the 
inguinal ligament Showing patencv of femoral artery and popliteal artery, with its bifurcation into 
the anterior and jfosterior tibial arteries Some cases show a \ery much better geniculate anastomosis 

Tig 2 — Arteriogram of Case No 5834 Produced by injecting 15 cc diodrast into the femoral 
artery just beneath the inguinal ligament 

Note the absence of continuity of the lower part of the femoral artery and the upper part of the 
popliteal, with filling of the popliteal through anastomotic network, which, although patent, is insuffi 
cient for maintenance of the lower leg 

tiough from the ischial tuberosity to beyond the foot of the patient The 
limb is then placed upon the foui-inch mattiess of ice Sufficient ice is 
then added to buiy completely the member including the toes The head of 
the bed is elevated enough to allow adequate drainage of the melting ice 
down the rubber trough into the pail on the flooi This drainage is 
important to obtain a constant temperatuie and prevent maceration of the 
skm The ice should be replenished frequently to compensate for melting 
and settling The temperatuie thus obtained at the skin surface is about 
5 0 C If a tourniquet is to be used it is applied one hour after refrigeration 
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commences During refrigeration the patient may be given coffee or whisky 
or a regular meal The duration of ice pack with the tourniquet is about two 
hours for ankle, three hours for the uppei tibia, and four hours for thigh 
amputations Without the tourniquet the refngeiation required is about 
one hour more at each site but it may go on indefinitely without harm When 
the patient is brought to the operating room the surgeon and his assistant 
must be scrubbed and prepared to operate The patient is lifted out of the 
ice pack and the leg piepared with ether, alcohol and iodine Note that this 
is the only skm preparation the limb has been given The lower part of 
the extremity is bandaged and the draping completed It is preferable to 
use cold saline and cold instiuments but the operating room is kept at the 
regular tempeiature The amputation procedure is earned out with leisure, 
and the wound usually closed without drainage A compression dressing is 
applied to the stump and the patient returned to the waid with three ice bags 
over the dressing One ice bag is removed every 24 hours 

AMPUTATION SITE 

The amputation site is undoubtedly going farther down the limb This 
is attributed not only to refrigeration without tourniquet and improved 
metabolic condition of tissues, but also to the use of arteriograms Ice 
anesthesia enables the surgeon to reamputate without undue risk, but if 
an arteriogram is available and the proper site ascei tamed it is a sounder 
procedure Very often there is a wide and adequate collateral circulation, 
allowing a low amputation site, on the other hand the surgeon may believe 
he is feeling a pulse in the popliteal space when actually the impulse is being 
transmitted through five niches or moie of blood clot 


The color plate, consisting of six individual cuts, has been arranged to show the salient features 
in connection, with refrigeration anesthesia, according to the Montreal General Hospital technic, 
omitting the use of a tourniquet 

The case is one of a diabetic, who had been bedridden for three to four jears on account of 
recurrent ulceration and cellulitis of the right foot, ultimately rendering the loner leg and foot a 
constant source of infection, pam and irritant to the diabetic condition 

The lower leg and foot shows deformitj, blanching and pigmentation, before emersion m the 
ice pack (Fig i) , 

The cradle is improvised as a structural support for a rubber sheet, forming a trough, which 
extends approximately to the ischial tuberosity and distally is extended as a spout for drainage into 
a pail Four inches of finely chopped ice (snow) is placed at the bottom of the trough, the limb is 
then placed on the bed of ice and entirely covered with ice, including the great toe A' thermometer is 
placed in the ice and the head of the bed is elevated about one foot to give adequate drainage As 
you will see, the patient appears comfortable and rested (Tig z) 

After a minimum period of four and one half to five hours, the patient is u heeled to the operating 
room on her bed, with ice pack in situ The lower end of the trough is opened by relaxing the paper 
clips and the ice is disposed of by emptying into a pail (Fig 3) 

The patient is rapidly transferred from the bed to the operating table The limb is dried with a 
sterile towel You will notice that the lower leg shows a very definite er>thema when compared with 
Figure 1 a typical finding when satisfactorj refrigeration anesthesia has been attained The limb is 
then rapidly prepared with ether, alcohol, and iodine This, incidentally, is the first skm preparation 
and the only one We do not shave (Fig 4) 

The limb is draped with all the staff on hand The amputation is carried out in the routine 
manner according to classical amputations There is no need to hurrj > as the skin is divided it 
retracts very little The tissues are firm and easily handled The muscles retract slight!}, do not 
twitch, and are easily cut, and the bleeding is minimum On sawing the bone, some of the patients 
have a sensation as if having a tooth drilled There is no pain on ligation of the vessels Injection 
of novocaine and alcohol prior to division of the nerve is advisable but not necessarj (Fig 5) 

Bleeding points are ligated with ‘C’ silk The vessels ligated with No 2 silk The wound is 
closed without drainage, utilizing subcutaneous sutures with ‘C silk, and skin apposition with vertical 
mattress sutures of No 2 silk (Fig 6) , 

Upon completion of amputation, a pressure dressing is applied, consisting first of gauze, tucn 
absorbent held m position bj a gauze bandage which has been soaked m water The gauze bandage 
when soaked, dries and shrinks, giving adequate pressure This is reinforced by a sterile plumber s 
waste dressing, held in position by a flannel bandage No attempt is made to use any other i orm , 
splinting These dressings are not disturbed for a period of ten dajs unless there is a smell of stale 
urine, which is, in our opinion the first indication of gas infection 
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Arteriography is a comparatively new field but will undoubtedly offer 
a great contribution m establishing foi us the proper site for amputation 
and go hand m hand with refrigeration m the conservation of limb length 
and lives Oui experimental work m artenogiaphy has rendered us many 
interesting determinations with regard to the collateral cnculation which \\e 
have been unable to ascertain by skm temperatuies or oscillometi ic leadings 
Furthermore, arteriography determines the exact patency of the mam vessel 
at a higher level than we would anticipate by any other tests In other words, 
arteriography eliminates any element of doubt as to the site of amputation 
We hope, m a subsequent report on amputations with refngeration, to submit 
a detailed account of the value and technic of arteriography 

CONCLUSIONS 

We have given our experiences m the use of lefrigeration for amputation 
of limbs and also detailed the technic which we generally use We have 
enumerated and discussed the fatalities The mortality rate was higher 
than m most series of amputations, but the explanation is clear when one 

considers the cases offered for this method The incidence of shock was 

absent m every case The percentage of gas bacillus infections has been 
dealt with and is undergoing further study The general feeling is that 
the organism lies dormant in the devitalized tissues The tourniquet has been 
largely dispensed with in this series A prehminaiy discussion on arteriog 
raphy was included 
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THE BIOPSY AS AN ACCURATE GUIDE TO THE DECISION OF 

EARLY SKIN GRAFTING 

J E Pritchard, MJD 

' Montreal, Canada 

FROM THE DEPARTMENT OF PATHOI OGV, THE MONTREAL GENERAL HOSPITAL, MONTREAL, CANADA 

When a burn wound requires skin grafting, it is desirable that it be 
done as early as possible 

The reasons for early skin grafting are 

• 

r To obtain skm coveiage as soon as possible in order to prevent dis- 
ability or loss of life from infection or wasting 

2 To restore the skin surface to a good functional condition 

3 To allow for earliest movement of joints, tendons and muscles 

4 To prevent deformities 

5 For practical economy 

It is important then to have some means of determining whether the 
wound can be expected to heal spontaneously and satisfactorily, or whether 
it cannot be expected to heal spontaneously and satisfactorily, and should 
be skm grafted 

Immediately after the accident, when the patient first comes under observa- 
tion, it is impossible to be certain to what depth the damage has extended 
Even by biopsy, at this stage, the depth of destruction cannot be accurately 
determined, because heat of an intensity insufficient to cause charring may 
coagulate and fix the tissue well enough to make it impossible to distinguish 
between viable and nonviable tissue Anyway, the assessment of the depth of 
a burn just after the accident is not important, as primary skm grafting is 
not practicable except when the burned area is very small Besides, the 
condition of the patient usually precludes any surgical procedures of any 
magnitude other than proper dressings 

Tune will reveal, by the reaction of the wound, the true depth of the burn, 
provided infection is controlled It will either show sufficiently advanced re- 
epidermization in the third week, oi granulation tissue will appear with no 
or inadequate epithehzation 

This latter state of affairs we believe should not be allowed to go on, 
because gianulation tissue organizes into fibrous tissue, and the longer it 
glows the more fibrous tissue will be laid down Even if reepidernuzation 
should occur later, the newly formed epidermis will have an underlay of 
fibrous tissue instead of fibro-elastic corium, i e , scar skin will form and may 
prove very unsatisfactory Indeed, it later may have to be removed and 
replaced by a skm graft 

At The Montreal General Hospital, the method of treatment used by the 
burn team, 1 on the Surgical Service of Dr Fraser B Gurd, includes the in- 
frequent occlusive compression dressing with an emulsion of sulfathiazol in 
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an oil-m-water base This dressing, except in obviously very superficial 
burns which require no grafting, and heal within one week, is sometimes 
removed as early as the ninth day More commonly, however, it is removed 
about the thuteenth or fourteenth day, with the intention of grafting if 
necessary, because it is considered that this is the most desirable time to 
graft, if at all possible Wound excision may be required This includes 
the removal of slough and granulation tissue, if any be present, and even 
scatteied islands of epidermis But it is by no' means easy, even at this 
*stage, to be certain from the gross appearance of the wound, whether it is 
healing satisfactorily 01 whether it cannot heal satisfactorily, and will require 
grafting Even the most experienced surgeon is pi one to eri m this matter 
The presence on the surface of the wound, of a thin coagulum of exudate 
masks the true nature of the wound surface 

The study, in the Department of Pathology, ovei a period of foui years, 
of numerous blocks of tissue, submitted by the burn team from burns in 
various stages has taught us much about the pathology of burned skm, how 
it heals and how it may be expected to heal A direct outcome of this study 
was the decision, about a year ago, to submit at the time of removal of the 
first dressing, all questionable cases to biopsy, m order to determine the 
expectancy of the healing of the wound It soon became the practice to 
prepare rapid frozen sections of this tissue at the operating room, and upon 
the leport of the pathologist, the decision to giaft or not to graft is made 
at once These specimens should be at least 5 Mm wide to allow for propei 
handling 

As was pointed out in a previous report, 2 the healing of a burn depends 
upon the viable epithelium, 111 the burned area, available as souices of 
leepidermization These sources aie the epidermis at the margins of the 
wound, sui face epithelium that has escaped destiuction, hair follicles, sebaceous 
glands and sweat glands * 

It was further pointed out that foi satisfactoiy spontaneous healing, theie 
is lequired at least a sufficient number of hair follicles and sweat glands so 
that hail follicles, which lie, except in hany parts, at a higher level than 
sweat glands, must be spared in sufficient numbers, if spontaneous satisfactory 
healing is to be obtained This applies to the donor site as well as to the 
bum wound 

If destruction should involve most 01 all of the hair follicles, but spare 
the sweat glands which lie at a deeper level, spontaneous reepidermization 
may still be expected, but the process will be slow and it will be attended 
by the formation of gianulation tissue which organizes into fibrous tissue, 
so that the remains of the viable deep layer of the fibro-elastic conum be- 
comes overlaid by a thick layer of scai tissue covered bv hyperkeratotic 
epideinus — an unsatisfactory result 

If the destruction extends deep enough to invoke the sweat glands, 
there will be no sources of reepidermization other than that at the margins 
of the wound, and this, 111 all but very small burned areas, is inadequate 
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In doing the biopsies, the finding of destruction of the skin to a level 
below the hair follicles indicates that satisfactory spontaneous healing cannot 
be expected, and that skm grafting is required 

On the other hand, if there are viable hair follicles present, spontaneous 
satisfactory healing can be expected Usually, at this stage, if viable follicles 
are present, reepidermization from them and from sweat gland ducts will 
have already become established if not completed 

The reader may here be reminded that, since the superficial sources of 
epidermal regeneiation eithei in a burn or donor site, are of the utmost im-. 
portance, they must be spared and not further damaged by too vigorous 
handling, by the application of escharotics, by infection, by impropei dressings, 
or by the too early and too frequent changing of dressings 

The method 1 ’ 2 used by the burn team in tins hospital of dressing these 
wounds has successfully piovided foi all these lequirements Besides the 
bacteriostatic sulfathiazol emulsion, the wide-meshed gauze and the infre- 
quently changed compi ession dressing immobilizes the dressing on the wound 
surface and thereby pi events slipping of the dressing, and rubbing off of 
the delicate regenerating epidermis, and it excludes contamination by patho- 
genic organisms 

The following selected case reports will illustrate the usefulness of the 
biopsy for guiding the surgeon m the piocedure of early skin grafting 

SELECTED CASE REPORTS 

Case i — A male, age 20, suffered a flame burn on the medial posterior aspect of 
the right thigh, on April 3, 1944 He was admitted to The Montreal General Hospital 
about one hour later A compression dressing with sulfathiazol emulsion was applied 
The dressing was removed on the twelfth day, and as there was some doubt as to 
the status of the wound, a biopsy was done and the wound was redressed Paraffin 
sections (Fig 1), showed well advanced reepidermization Hair follicles, sebaceous 
glands and sweat glands were intact There was some edema and cellular infiltration 
just beneath the epidermis, and about the han follicles Elastic tissue stains showed 
elastica right up to the epidermis 

Interpretation Well advanced, satisfactory spontaneous healing of a super- 
ficial burn 

Four days later, on the nineteenth day, the second dressing was removed Complete 
reepidermization was then obvious No further dressing was needed, and the patient was 
discharged from hospital on the nineteenth day 

Case 2 — A male, age 49, sustained a burn of the face and right forearm by burning 
fat, on December 22, 1943 He was admitted to hospital six hours later A compression 
dressing with sulfathiazol emulsion was applied 

The dressing was removed on the thirteenth day The opinion of the majority of the 
surgeons present was that grafting was obligatory A biopsy was done and a graft was 
then applied 

A few days later, a paraffin section (Fig 2) of the biopsy showed quite well 
advanced reepidermization, but still patch) with unhealed areas The interpretation 
was that spontaneous satisfactory healing could be expected The result was that 
when the second dressing was removed, fourteen days later, the graft was found to 
have taken on the small nonhealed areas, but had been lifted up by spontaneous re- 
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epidermization m the areas of lesser burn depth A biopsy at tins time (Fig 3) shows 
the graft separated from the reepidermized wound by a layer of epidermis and des- 
quamated keratin Wound excision with removal of the graft and healing wound 
surface was followed by the application of another graft, which took well 

Comment — It is felt that this wound would have healed well spon- 
taneously and without grafting at all 

This patient was m hospital for a total of 44 days, but might have 
been discharged much earliei had the wound been allowed to heal spon- 
taneously 



Fig 1 — Case i Biopsy, 12th day Reepidermization is com 
plete There is a viable hair follicle in the centre of the field and 
part of one at the lower right margin 

There is moderate inflammatory cell infiltration and edema still 
present in the corium On the surface there is a thin lajer cf 
coagulated exudate 


The experience with these two cases led to the practice of not proceeding 
with the graft at this early stage without confirmatory histologic evidence 
of the status of the wound, which can be obtained by biopsies, and at once 
by quick frozen sections 

Case 3 — A male child, three years old, sustained a 30 to 35 per cent hot water 
burn involving the right side of the trunk, right arm, right leg and part of the left 
leg and the right hand The wound was dressed as usual 

On removal of the first dressing on the fourteenth day, there was complete healing 
of all parts, except for a 5- x 3 5-mch area in the midpart of the right side of the 
chest Several experienced surgeons, including -visitors, said that grafting was not 
necessary A biopsy was done and the area was redressed 

Paraffin sections (Fig 4) revealed a deep burn in which there were no recognizable 
follicles or sweat glands, and no evidence of reepidermization There w r as intense in- 
flammatory cell infiltration throughout the corium and m the subjacent fat 

The interpretation was “deep burn” with no possible sources of reepidermization 
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Fig 2 
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Fig j 

Fig 2- — Case 2 Biopsy, 13th da> There are liable lmr 
follicles and sweat gland ducts from which reepidermization had 
spread" over most of the surface 

There is also marked inflammatory cell infiltration and 
slight edema of the corium 

The bar along the lower margin of the section is fresh 
blood clot 

Tig 3 — Case 2 Biopsy, 27th day, 14 days after grafting 

Note the spontaneously regenerated epidermis under the 
graft separating it from the healing wound 
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Removal of the dressing was unnecessarily delayed until the twenty-fifth day, and 
a graft was applied The patient was ready to be sent home on the thirty-seventh day, 
but was retained m hospital until the forty-fifth day for other reasons 

Fig 4 




Tig 5 

Fig 4 — Case 3 Biopsy, 14th daj There arc no surface 
epithelium, hair follicles, or sweat glands recognizable There is 
intense inflammatorj cell infiltration which extends into the 
subcutaneous fat Destruction has extended to practicallj the 
full depth of the shin Spontaneous healing could not be expected 
Tig s — C ase 4 Biopsj, 9th daj, paraffin section To the 
Jcft is a viable hair follicle, but to the right there arc no 
follicles or sweat glands In the rapid frozen sections there was 
regenerated surface epithelium only o\er the end containing hair 
follicles This was lost in the handling of the biopsj in the 
preparation of the frozen sections 


Case 4 — A male, age 38, received a flash burn of the face and upper extremities on 
the day of admission, June 19, 1944 The wound was covered by a compression 
sulfathiazol dressing On the ninth day healing was found complete, except for an 
area of 3 x 4 niches just above the elbow on the extensor surface 

A biopsy was done in a radial axis at the periphery ot the wound The frozen 
section showed hair follicles and reepidermization at the outer end, but in the remainder 
of the section, destruction had extended down to the sweat glands 
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A graft was then applied over the whole area, with a good take, except at the 
periphery where spontaneous healing occurred The patient was discharged on the 
twenty-ninth day 

Later paraffin sections (Fig 5), show the deep destruction at one end and a viable 
hair follicle at the other The surface epithelium seen here in the frozen sections, 
is not present in the paraffin sections In the deeply destroyed area, there is inflammatory 
cell infiltration m the remains of the corium, and along the subjacent margin of the 
subcutaneous fat 

The interpretation of this biopsy is that marginal healing was in progress 



Fig 6 — Case 6 Biopsy, 13th day Only a strip of the base 
of the corium remains and there are no follicles or sweat glands 
There is moderate inflammatory cell infiltration in the subcutaneous 
fat 

Note the artery plugged with coagulated blood 

but beyond this satisfactory spontaneous healing could not be expected, and that grafting 
should be carried out 

Case 5 — An adult male, age 44 On admission there was a seven-day-old 4- x 5 - 
mch steam-jet, infected burn over the right deltoid region A compression sulfathiazol 
dressing was applied, and four days later (eleventh day), it was taken down 

A biopsy by frozen sections revealed a deep burn with no sources of reepidermiza- 
tion A graft was applied The patient was discharged on the seventeenth day 

Case 6 — A male, age 47, sustained a burn by molten steel on the face, left wrist 
and right foot, which was treated by compression dressing and sulfathiazol emulsion 
On the thirteenth day the dressings were removed, and healing was found complete 
except for a 3- x 4-inclf area on the dorsilateral aspect of the right foot The status 
of this wound was doubtful 

Biopsies by frozen sections (later confirmed by paraffin sections [Fig 6]), revealed 
a deep burn with no sources of epithelium available for reepidermization 

The wound was excised down to a satisfactory level, and a graft was applied The 
dressing was removed on the twenty-sixth day when there was a 100 per cent take 
of the graft The patient could have been discharged on the twenty-eighth day, but 
was held until the thirty-eighth day for investigation of neurosyphilis 
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SUMMARY 

The desirability of the use of biopsies in the management of early skin 
giaftmg of burns is discussed and six selected cases are cited as illustrations 
All these wounds were undressed between the ninth and fourteenth day with 
the intention of grafting if necessary Biopsies were done on all six cases 
because of doubt as to the status of the wounds In the first three cases 
delayed paraffin sections were used, and in the last three, lapid frozen sections 
and delayed paraffin sections were employed In Case i, the biopsy showed 
w f ell-advanced healing and no grafting was needed In Case 2, the biopsy 
and grafting were done at the same time Later, the examination of the 
biopsy indicated that grafting w^as not needed and this was boine out by the 
subsequent behavior of the graft In Case 3, after biopsy on the fouiteenth 
day, the wound w r as redressed to await the report on the paraffin sections 
This indicated the necessity of giaftmg, wfiich was not done until the twenty- 
fifth day — an unnecessary delay Had a frozen section been made, grafting 
might have been done on the fourteenth day In Cases 4, 5 and 6, rapid 
frozen section biopsies at the time of removing the first dressing on the 
eighth, eleventh and thuteenth day, respectively, all indicated the necessity 
of grafting, which was carried out without furthei delay, and with entirely 
satisfactory results 
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SKIN GRAFT OF DORSUM OF HAND 

USE OF LARGE SIZE DERMATOME* TO OBTAIN ONE-PIECE PATTERN 

John Marquis Converse, MDf 
New York, N Y 

Extensive war burns of the hand involving the deeper layers of the 
dermis and the full-thickness of the skin have required total leplacement 
of the skin of the dorsum by skin grafts of intermediate thickness In such 
cases, a considerable aiea of skin graft is required to restore normal flexion 
and function of the hand and fingers At least two pieces of skin graft 
usually are needed when the graft is cut free-hand and often when it is 
cut with Padgett’s detmatome It is not infrequent to see the junction 
scar-line between the graft become hypertrophic or even cheloidal , such 
scars not only are unaesthetic but also may impair the function of the 
hand It became apparent, therefoie, that the use of a large one-piece skin 
graft accurately cut and fitted according to a pattern was desirable A 
large drum (Fig i) which could be fitted over the ordinary Padgett derma- 
tome was constructed With this drum a piece of skm graft covering the 
area of the drum (8x6 inches) may be removed when cut transveisely 
across the thigh After the dorsal scar of the hand and fingeis has been 
completely excised, a pattern of the lesulting defect is made, the hand 
being maintained by a splint in a position which is close to the position 
of function, but which peimits the application of the laigest piece of 
skm graft with the fingeis and wrist in semiflexion (Fig 2) This pattern 
is then reversed and applied to the law surface of the skin giaft on the dium 
(Fig 3) A pattern graft is cut by incising the skin graft on the drum with 
a scalpel, following the contoui of the pattern The skin giaft is removed 
from the drum , while this procedui e is being done, fine sulfanilamide powdei 
is rubbed ovei its cemented surface to neutralize the cement, and prevent 
the adhesion of the graft to itself The skm giaft is applied to the raw area, 
fixed by a few interrupted sutures and its edges are sutured to the edges 
of the defect by a continuous running suture of fine silk A pressure dress- 
ing is then applied over the skin graft in the usual manner with cotton or 
mechanics waste 

+ The large drum shown in Figure 1 was made two years ago for the author by 
Thackeray Sons, London, England 

t At present Captain, Medical Corps, U S Army 
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Fig iA 



i 


Tig iB 

Tig iA — On the left is shown the large drum (8X6 inches) which is made to fit accu 
rateb over the drum of Padgetts dermatome (on the right) 

Fig iB —The large drum has been fitted over the drum of Padgett’s dermatome to which it is 
held b> a spring clamp (Note Small dots on photograph indicate this spring clamp ) 
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Fig 2 



Fig 3 

Fig 2 — Dorsum of the hand after the excision of all of the cutaneous 
and subcutaneous scar The hand is immobilized in this position by a 
splint A pattern is made of the defect which extends around the radial 
aspect of the thumb and around the ulnar border of the hand 

Fig 3 — The pattern of the defect is reversed and applied to the raw 
surface of the skin graft on the drum A one piece pattern skin graft 
ma> now be cut by incising the graft around the pattern The excised 
soar , IS shown below the drum (Note This is the scar tissue excised from 
the hand — not the graft ) 
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PROXIMAL LIGATION AND THROMBECTOMY FOR 
PHLEBOTHROMBOSIS OF THE FEMORAL AND ILIAC VEINS* 

Frederic W Bancroft, M D 

Nf'w York, N Y 

The treatment of phlebothrombosis by thrombectomy is not an 
unchallenged procedure There are many who feel that if the patient is 
properly treated with anticoagulants operation is unnecessary By throm- 
bectomy I mean the removal of the clot from the iliac vein as it extends 
above the inguinal ligament Even among surgeons there is a more radical 
group who believe in proximal ligation even if the vena cava itself has to be 
ligated All methods of therapy are directed toward eliminating pulmonary 
embolism 

May I state that I believe more lives will be saved by thrombectomy than 
by the use of anticoagulants alone The literature in recent years has brought 
forward advocates of the thrombectomy treatment Fine, Homans, Arthur 
Allen, and his group, are all advocates of this procedure While I have had 
only a limited experience, nevertheless, I believe a careful analysis of this 
small series may prove of value In presenting this subject I wish to discuss 
briefly the pathology, in order that we understand the limitations of this 
discussion 

In the long veins of the extremities there are tw r o piocesses that occur 
largely postoperative These two piocesses are usually clear-cut, but they 
sometimes merge one into the other These processes are thrombophlebitis 
and phlebothrombosis 

Thrombophlebitis, as the name indicates, is a phlebitis and periphlebitis 
associated by sometimes an absence of a clot in the lumen It is usually 
initiated wutli a chill high temperature, swelling of the leg, marked tenderness, 
and often redness ovei the course of the involved vein It is characterized 
very laigely by perilymphatic involvement, as well as involvement of the 
w’alls of the vein Embolism following thrombophlebitis is relatively rare 
It occuired in io pei cent of the Toronto senes and about 12 per cent of 
the series analyzed by the Majo Clinic 

Phlebothrombosis is charactei lzed by a blood clot winch Alls the lumen 
of the vessel The onset may be sudden It is not accompanied, as a rule, 
with as high elevation of tempeiatuie or with as great swelling of the leg 
as in thrombophlebitis Plomans has shown experimentally that if one 
wishes to cieate a so-called alba dolcns m experimental animals it is necessary 
to destroy the lymphatics Mere ligation of the \em will not, as a rule, 
cieate swelling 

In this piesentation I wash to discuss the latter of the above tw'O subjects 
and discuss it largely as a means of preventing the formation of pulmonary 

* Read before the Philadelphia Acadeni) of Surgerj, No\ ember 6, 1944 
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embolism, for it is in this type that emboli are more frequent Symptoms 
may be silent and not recognized until after the embolus has separated I 
wish also to discuss the two methods of operative procedures, vis Proximal 
ligation, and (2) thrombectomy 

Pioximal Ligation — This is pei formed when the clot in the vein has 
not extended upward as far as the inguinal ligament This is of course a safe 
procedure and one which, in my opinion, should be undertaken much more 
often than it is The patient can then be immediately mobilized without fear 

Tin ombectomy — When the thiombus has extended beyond the iliac liga- 
ment, thrombectomy may be performed by mechanical removal, such as using 
thm, narrow forceps for exti action, or by suction I wish to concentrate 
on the latter procedure, and to analyze a series of cases 1 personally have had, 
and give you my reactions and lesults The purpose of this operation is 
to avoid pulmonary embolism Obviously, thrombosis, if there were no 
complications by embolism, would not be a very serious condition It would 
cause swelling of the leg and some disability for a period of time We all 
have seen many cases that have not had proximal ligation that have gone 
on to recanahzation and complete recovery of the patient 

In my own series ot 12 cases ot thi ombectomy from the iliac veins, 
eight have suffered from pulmonaiy emboli, and four have no outward evi- 
dence of embolism Where thrombectomy has been pei formed, the use of 
an anticoagulant postoperative seems necessary With proximal ligation, 
where one is above the clot, one does not fear particularly the recurrence of 
the disease except in patients who suftei from the migratory type of phlebo- 
thrombosis I have had a much laiger series where this procedure has been 
carried out without mortality, but am not reporting on them at this time 
Wheie a thrombus has been lemoved above Poupart’s ligament by suction 
01 ti action from below, 't is obvious that a ligatuie is not applied proximal 
to the site where the clot was located Therefore, it is advisable to use 
anticoagulants to prevent further thrombosis 

DIAGNOSIS 

When a patient postoperatively is running a slightly irregular temperature, 
it is wise to pay attention to the foot, calf, and thigh Homans has described 
the sign, which is now given his name, if the foot is flexed dorsally it com- 
presses the gastrocnemius muscle, and pain is experienced in the calf I have 
also found that it one semiflexes both knees, with the feet resting on the bed, 
the calf of the affected side gives one the feeling of a deep edema, and, as the 
gastrocnemius muscle is compressed against the posterior surface of the tibia, 
pain is elicited Compression of the popliteal space may also present a tender 
area, 01, if one passes the index finger horizontally across the thigh, pam 
is elicited over the course of either the long saphenous or Hunter’s canal 
On coming to Poupart’s ligament the femoral artery does not give as clear 
a pulsation as on the noninvolved side, and beneath the aitery may be felt a 
lead pencil-hke cord, which is the thrombus in the femoral vein 
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While venography has been advocated by Fine, and others, it is fre- 
quently difficult to determine whether the defect noted on the roentgenogram 
is due to venospasm or occlusion of the vein Almost always, one can tell 
by physical examination, in the acute emeigencies, more than one can tell 
from venography 

INDICATlONS~FOR OPERATION 

1 Pulmonary Embolus with Evidence of PhlebotJn ombosis of the Veins 
of the Leg If proximal ligation is possible there is no question but that this is 
the operation of choice and the treatment of choice, because it allows immediate 
mobilization of the patient without fear of the extension of the disease If 
the thrombus extends above the iliac ligament, I believe that extraction of 
the clot, either by manual exti action or suction, followed by bisection and 
removal of a section of the femoral vein is the piocedure of choice 

2 PhlebotJn ombosis without any Evidence of Embolism There are 
three methods of therapy that may be carried out when the diagnosis of phlebo- 
thrombosis of the deep femoral vein which extends upward into the iliac 
vein has been made They are First, incision of the vein and removal of 
the clot — phlebectomy Second, the use of anticoagulants without surgical 
procedure Muiray, in Gallie’s clinic in Toionto, has listed 18 successful 
cases of pulmonary embolism that have been treated by heparin without further 
evidence of pulmonary embolism Others have not had as successful an 
experience There have been a number of cases reported where death from 
embolism has occurred after hepai mization has been discontinued I had 
a case of my own that died from pulmonary embolism two days after heparin 
was discontinued Third, novocaine block of the first to fourth lumbar 
ganglia Leiiche advocated this piocedure primarily, and m this country 
it has been strongly advocated by Alton Ochsnei I quote from Ochsner’s 
article to give you, better than I could brief it, the mechanism of this 
piocedure 

“In previous publications wc have discussed in detail the mechanism bj which veno- 
spasm and thrombophlebitis can produce clinical manifestations Edema maj be due to 
factors that result from venospasm and increase the amount of perivascular fluid, in- 
creased filtration pressure, anoxia of the capillary endothelium, and diminution m 
the flow of lymph The increase m venous pressure in thrombophlebitis has been re- 
peatedly demonstrated This obviously increases the filtration pressure, which favors 
transudation of fluid from the vascular into the perivascular spaces Because of the 
associated arteriolar spasm and evidence of diminished vascularity, there probablv 
occurs an anoxia of the capillaiy endothelium that mci eases its permeability, permitting 
an excessive exudation of fluid into the perivascular spaces and thus resulting m the 
production of edema Once the fluid gets out of the vascular channels in such a case 
it has difficulty m getting back because of the increase in the pressure on the venous 
side Probabb of greater significance m this condition is the fact that the pump, 
which is responsible for the movement of the lvmph, is lost Several mv estigators have 
demonstrated that the movement of lvmph is dependent on arteriolar pulsations In 
the presence of marked venospasm and increased venous pressure, arteriolar pulsations 
are reduced to a minimum, and the Ijmphatic pump is therebj lost 

“This decrease m ljmpli flow results in the stagnation of the Ijmph fluid and the 
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accumulation of proteins in the perivascular fields, thus setting up a vicious circle, in 
that the pressure of the perivascular fluid approaches that of the intravascular field, 
tending to prevent absorption of fluid from the perivascular spaces into vascular channels 
Such a vicious circle is broken by novocaine block of the sympathetic ganglia, which 
causes an interruption of the vasoconstricting impulses and thus produces a reestablish- 
ment of the normal exchange of the intravascular and perivascular fluids It has been 
demonstrated that blocking of the sympathetic nerves increases the flow of lymph As 
a result of vasodilatation, the blood supply to the capillaries is increased, anoxia of 
the capillary endothelium is lelieved, and excessive exudation of the vascular fluid into 
the perivascular spaces is prevented By the return of the normal arteriolar pulsations, 
the pump, which is responsible for the movement of lymph, is reestablished, and 
the perivascular fluid is rapidly carried away Because of this, the edema of the 
extremity in a patient with phlegmasia alba dolens disappears within a relatively short 
time after the production of sympathetic ganglion block 

“Similarly, the other manifestations associated with thrombophlebitis are relieved, 
probably by the increased vascularity Pam, which is one of the most prominent 
manifestations of thrombophlebitis, is relieved dramatically Prompt subsidence of 
fever may also be explained on the basis of a more rapid resolution of the inflammatory 
process by the increase of vascularity to the involved venous segment” 

Of these three methods I prefer thrombectomy, although I am free to 
admit that a certain number of unnecessary operations will be performed 
If the patient is seen early aftei the initiation of the disease, thrombectomy is 
a relatively safe procedure, and is apt to eliminate the dangei of pulmonary 
embolism However, when the patient is fiist seen eight to ten days after 
the onset of phlebothrombosis, and where no evidence of pulmonary embolus 
has been present, I believe that we aie safe in following a conservative course 
It has been my experience that embolism usually occuis early m the course 
of thrombosis — occasionally even before its presence may have been diagnosed 
— in the thigh or leg, and that it is not as apt to occur after the clot has been 
formally organized In the small series of eight cases that I have seen of 
this type no pulmonary embolus has developed 

oferativejtechnic 

Anesthesia — In many cases there has been pulmonary embolism of suf- 
ficient severity to contraindicate against general anesthesia In such cases 
local anesthesia seems to be the one of choice There is danger, as is shown 
m Case 12 of this series, that the position necessary for spinal anesthesia, 
with flexion of the thigh on the abdomen, might cause dissociation of a 
thrombus Cyclopropane, wheie the case is early and without embolism, or 
with only slight evidence of pulmonary involvement, is also easier on the 
operator and the patient Local Anesthesia No matter how carefully one 
blocks the field with novocaine there is a time when the vein is being separated 
from the artery that pam is present and cannot well be eliminated Lumbar 
block might help at this time When one opens the femoral sheath below 
Pouparts, in the cases I have operated upon there is a sticky, gelatinous 
adhesion of the artery and vein, and it is with considerable difficulty that the 
vein is sufficiently separated from the artery to allow an aneurysm needle 
to be placed about it and a traction ligature applied 
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It has been my habit to expose the vein about an inch below Poupart’s 
so as not to ligate below the piofunda branch of the vein After a traction 
ligature above and below has been placed, a longitudinal incision is made 
into the vein The neaiby blood clot is lemoved by foiceps Then a glass 
tube attached to a suction machine is mseited into the vein and passed 
upw aids beneath Poupart’s ligament until the thiombus has been removed 
and free bleeding occuis If the tube is not long enough to permit free 
bleeding, a rubbei catheter is attached and this is passed upwaid until one 
is ceitam that it has gone beyond the bifurcation of the vena cava It is 
difficult, m the low ei poi tion, to get enough suction to excise the clot through 
the smaller lumen of a catheter A glass tube in this lower portion is much 
more efficient I am convinced that the suction must be applied until free 
bleeding occuis Aftei the clot has been lemoved, the vein is doubly ligated 
on each end of the incision The intermediary portion is removed It is 
advisable at this time to look foi the long saphenous, as it may also contain 
a clot, and, if so, it should be tied at its junction with the femoral vein 
Usually I have ligated and cut both the long saphenous and femoral veins 
If the femoral vein at the initial exposure is found in spasm, with only a 
small clot m its lumen, the long saphenous should be looked for In two 
of my patients the clot extended up the long saphenous and thence into the 
femoral vein and upward into the iliac The femoral vein itself was in 
spasm, with only a small clot within its lumen 

The use of anticoagulants is necessary in order to prevent the reformation 
of a thrombus above the ligated vein 

In this series of 12 cases, continuous intravenous heparin has been used 
m 5, dicoumarol in 2, and subcutaneous heparin, as described by Loewe, in 5 

In reviewing the following cases I have mentioned only those m whom 
thrombectomy of the iliac vein has been performed Of the 12 cases, eight 
have had antecedent emboli, and four had no evidence of embolism In this 
series, three had simultaneous thrombectomy and ligation of both femoral 
veins One patient had a thrombectomy immediately preceding operation, and 
another case a thrombectomy two weeks previous to a supracervical hys- 
terectomy 


CASE REPORTS 

Case i — A musician, a woman of about SO, had received a bumper fracture of the 
tibia She had been treated by another surgeon After hei return home she had 12 
pulmonary emboli — two nearly fatal ones She had been treated by heparin intravenously 
for one week before I saw her but had shot one small embolus during this time 
Her left leg and thigh were markedly swollen There was only moderate elevation of 
temperature In bed at home, under light gas anesthesia, the femoral -vein was first 
exposed It was in spasm and contained only a very small clot It was doubly ligated 
and cut below the entrance of the profunda branch The long saphenous was then 
exposed It contained a large thrombus, which on exposure was found to extend 
into the iliac vein The saphenous vem was opened, as much of the clot extracted as 
could be done with forceps, then a glass suction tube was passed upward into the 
femoral vein Clots were extracted until the tube was passed upward about six inches, 
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when free bleeding occurred The vein was doubly ligated and cut Heparin was con- 
tinued for three days Her temperature rapidly subsided In five days her left thigh 
and calf were the same size as the normal leg Her convalescence was uneventful, and 
she had no more emboli, nor has she any residual swelling of the leg 

Case 2 — A woman of 45, who had been ill at home with acute cholecystitis ten 
days before I saw her At operation, I found a gangrenous gallbladder, with a per- 
forated abscess in the liver Cholecystectomy, with drainage, was performed On the 
third postoperative day it was noted she had a swollen left leg and thigh The long 
saphenous was palpable as a tender cord about the size of a lead pencil On the fourth 
postoperative day she was operated upon and, under cyclopropane anesthesia, the femoral 
and long saphenous veins were exposed Both contained large thrombi By suction, 
a propagating thrombus about five inches long was removed from the iliac vein above 
Poupart’s ligament Both veins were doubly ligated and cut She was treated with 
dicoumarin until hei prothrombin index was one-third of normal, when it was dis- 
continued Her convalescence was uneventful until ten days later when she developed 
an acute phlebitis in the calf of the leg operated upon, associated with a chill, elevation 
of temperature, leukocytosis, and swelling and tenderness of the calf The attack sub- 
sided under elevation and sulfa therapy She had a residual swelling in the calf upon 
leaving the hospital At present there is still some swelling of the calf 

Case 3 — A young woman who had had an amputation of her left thigh at 
Memorial Hospital, for sarcoma I saw her with Dr Stanley-Brown She developed 
swelling of both thighs and shot two pulmonary emboli — left, then right Both femoral 
veins were exposed simultaneously, under local anesthesia On my side (the amputated 
one) no clot was encountered, but there was evidence of phlebitis On Dr Stanley- 
Brown’s side a clot was encountered extending well up into the iliac vein A similar 
procedure was carried out as in the other cases Heparin was administered five days 
postoperatively Her convalescence was uneventful, and the swelling rapidly subsided 
in both sides 

Case 4 — A woman of 53, upon whom a supravaginal hysterectomy had been per- 
formed by another surgeon four weeks previously For the previous two weeks before 
I saw her she had had pulmonary embolic seizures, confirmed roentgenologically, and 
by Dr James Miller and Dr Harold Hyman There was fluid at the right base The 
left calf and tlngh were moderately swollen She was operated upon Under local 
anesthesia, the femoral vein was exposed It was occluded with clot, but the long 
saphenous vein was not involved The clot extended upward about seven inches in the 
iliac vein The same operative procedure was carried out, but, in addition, she had 
a lumbar ganglion block with novocaine She had a moderate infection of the fat 
at the operatne site 111 the thigh She was given heparin subcutaneously by Loewe’s 
method Her convalescence was uneventful, and she had no residual swelling 

Gase 5 — A 68-year-old female, with a large ovarian carcinoma, had evidence 
of a thrombus in her right femoral and saphenous veins At the time of operation 
a thrombus was removed from her right iliac vein and then a bilateral oophorectomy for 
tumors the size of a football was performed She died on her 15th postoperative day 
from renal failure There was no residual swelling of the leg or signs of pulmonarj 
condition No autopsy was obtained 

Case 6 — A suprapubic prostatectomy was performed upon a 60-year-old man at 
Beth David Hospital Postoperatively, while in the hospital, he shot several pulmonary 
emboli, and swelling of the left thigh and calf was noted Despite this fact he was 
allowed to go home After his return home he had several other episodes of pulmonary 
emboli He was seen at home b> Dr Solomon, wdio recommended his return to the 
hospital for thrombectomy I saw him later at home and made the same recommendation 
He was readmitted to the hospital He w r as cjanotic, dyspneic, and had fluid at the right 
base A similar operatne procedure was carried out He was treated first with 
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heparin and later, at Doctor Solomon’s suggestion, with dicoumarol His convalescence 
was remarkably uneventful after Ins dyspnea subsided, about four days postoperative 

C ase 7 — This patient had a supracervical hysterectomy three weeks previously 
During the past v r eek she had had three definite small pulmonary emboli The left 
femoral vein contained a thrombus extending w'ell above the inguinal ligament A 
long thrombus above Poupart’s was removed by suction She was treated by subcutaneous 
heparin She had some residual pain in the leg, but no swelling, for six weeks post- 
operatn e 

Case 8 — A woman seen with Doctor Stanley-Brown at the New York Hospital 
The patient w'as 62 years of age She had had a coronary embolism in 1939 1 ° 
Februarj of 1943 she had a second coronary attack with three pulmonary infarctions 
On April 14, 1943, she complained of pain in the right popliteal vein On the 16th of 
April, heparin w'as started On the 19th, I w'as called to see her by Doctor Stanley- 
B row'll, and w'e found there w'as evidence of phlebothrombosis in both femoral veins 
The femoral veins were exposed under local anesthesia On the left side the vein was 
in spasm, and contained only a string-like clot It was opened and a small clot sucked 
out of the lumen, and the vein then ligated On the right side a long clot, extending 
w 7 ell up tow'ard the bifurcation of the vena cava, was removed Both veins were doubly 
ligated and cut Heparin w'as administered two days postoperatively, and the patient 
had an uneventful recovery She w'as seen a 3'ear and a half aftenvard, at which time 
no swelling w'as noted in either thigh or leg 

Case 9 — This patient had a normal delivery of a child on April 19, 1944 On 
April 25th swelling w'as noted 111 the left leg and thigh, and she had an attack of pain 
in the chest 011 May 9th The patient w'as kept in bed and treated wnth rest On 
May 15th, pain and swelling appeared in the right leg and the patient had another 
attack of pain in the chest Under local anesthesia, both veins were exposed, and a 
clot W'as sucked out of each long saphenous and each femoral vein Heparinization 
w'as administered for five days postoperative Convalescence after this was uneventful, 
save that she had considerable swelling of both thighs, which persisted for six weeks 
In a late follow'-up I have learned that she is playing tennis, and, therefore, it is 
obvious that the swelling must have become greatly reduced 

Case 10 — A woman of 46 had been seen by a gynecologist, w'ho recommended 
hysterectomy for an extremely tender uteune fibioma which was fixed in the low'er 
portion of the pelvis The uterus extended midw'ay to the umbilicus Ten days later, 
while awaiting operation, acute phlebothrombosis occurred in the left femoral vein 
I w'as called to see the patient at this time There was no evidence then of pulmonary 
embolism It was felt, however, that this patient would need hysterectomy in the 
near future because of a degenerating fibroid, and that it would be advisable to be 
sure that the clot was removed from the iliac vein The clot was sucked out from 
the left iliac vein, and she was treated postoperatively by subcutaneous injections 
of heparin Two weeks later, while still under heparinization, a supracervical hyster- 
ectomy w'as performed The iliac vein was palpated and there was no evidence 
of any clot m its lumen There were, however, some old thrombi m the veins of the 
broad ligament This patient’s convalescence was uneventful She left the hospital 
tw'O weeks after the hysterectomy 

Comment This patient was one of the few cases I have known wheie 
inspection occui red within tv o weeks of a thrombectomy No evidence could 
be seen by the operating surgeon of occlusion of the vein 

Case 11— This patient had a cesarian section perfoimed for a premature separation 
of the placenta 111 a seven-month pregnancy A live baby lesuited, and the post- 
operative convalescence of the mother W'as unusually smooth There was no post- 
operative elevation of tempei atui e , there was no complaint of abdominal or thigh pain 
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The patient left the hospital on the 12th postoperative day Three days later she com- 
plained of an acute attack of pain in the chest She was readmitted to the hospital 
Her temperature rose to 103 0 F Three days after admission roentgenograms of the 
left chest showed irregular consolidation Her physician had carefully gone over both 
legs and thighs, there was no difference in then circumference There was no 
tenderness Ten days after her admission into the hospital she had a sudden swelling 
and pain m the left thigh I was called to see her on the next day Under local 
anesthesia, the left femoral vein was exposed A clot was removed I did not feel, 
however, that I had reached the upper end of the clot because free bleeding was not 
obtained It was in a strange hospital, there was some difficulty in getting the proper 
kind of tube, and I did not insert a catheter, as I should have, high up in the iliac 
vein, and I did not get as free bleeding as I wished Her postoperative course was 
improved for about six days Her temperature receded to almost normal, and she 
had no pain or swelling in the leg However, eight days after the thrombectomy she had 
a sudden attack of pain in the right chest, with elevation of temperature Roentgenograms 
showed a cloudy right lung, with not as great consolidation as on the other side Up to 
this time there had been a question whether this was a virus pneumonia followed by a 
phlebothrombosis, or whether the initial infarct antedated the appearance of the phlebo- 
thrombosis b\ ten days Eight days after the second attack of pain in the chest, 
phlebothrombosis developed in the right thigh This time, under spinal anesthesia, a clot 
was removed from the left femoral vein, followed bv free bleeding The patient, how- 
ever, went into collapse She started to go into collapse during the administration of 
a low spinal, and her collapse continued after the removal of the clot She was returned 
to her room m a serious condition She lived three days thereafter 

Autopsy — “Lungs The right lung is completely collapsed and attached to the chest 
wall by numerous strands of fibrin and purulent exudate There are about 500 cc of a 
fibropurulent fluid in the right pleural cavity The right lung weighed 400 Gm The 
left lung is adherent at the apex to the chest wall by old fibrous adhesions About 
100 cc of thick purulent exudate are present in the left pleural cavity The left lower 
lobe is completely collapsed The left upper lobe is well aerated and pink in color 
Examination of the branches of the pulmonary artery show a large thrombus in the 
lumen of the right vessels, with branches running to all of the lobes This thrombus 
is yellow in color and adherent to the intimal layer of the vessel On the left side there 
is a similar-appearing thrombus in the lumen of the branch of the left pulmonarv 
artery leading to the left lower lobe There is no thrombus found in the lumen of the 

mam pulmonary artery No mediastinal node enlargement is found 

"Uterus The uterus is small and anteflexed The operative wound in the anterior 
wall of the myometrium is well closed by chromic catgut sutures, which are still present 
Adherent to the anterior surface of endometrium is some granular pink tissue which 
grossly resembles placental tissue The tubes and ovaries are essentially normal The 
veins m the broad ligament of the right side are natural On the left side the vessels at 
the base of the broad ligament contain distinct well-organized thrombic tissue The 
vena cava and both iliac veins are opened The right vein contains some postmortem 
clot which is lying free m the lumen of the vessel On the left side, however, the 
blood clot in the iliac vein is well organized, yellowish-pink in color and adherent to 
the vessel wall The thrombus runs up into the vena cava for a distance of 3 cm At 

the upper end of this thrombus the blood clot is distinctly postmortem in nature The 

branch of the hypogastric vein leading from the left iliac vessel is also thrombosed 
as are those of the veins in the pelvis on the left side In the region of the left femoral 
vein the thrombus m the lumen of the vessels appears relatively fresh but distinctly 
postmortem ” 

Comment My impression of this case is that if I had been successful in 
removing the clot on the left side there probably would not have been an 
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extension of the piocess to the light side nor would there have been the later 
casting off of emboli The unusual picture m this case was the time 
element, the development of the signs of the thigh ten days after the 
original infarct in each case. This was obviously^ a case which showered 
emboli fiom the pelvic veins, although on examination of the uterus there 
was no evidence of bioad ligament involvement 

Case 12— A male, age 55, was operated upon for an inguinal hernia six years 
ago His convalescence was complicated by a thrombophlebitis of the left thigh and 
leg I am unable to determine whether this was a deep or superficial phlebitis Follow- 
ing his convalescence he was well until six weeks ago, when he had an attack of 
phlebothrombosis of the superficial veins below the knee After two weeks rest m bed 
he was allowed up After being up and about for a week the process extended to 
the long saphenous vein He was put to bed again for three weeks, with elevation 
and local heat The phlebothrombosis gradually extended to the saphenous triangle 
The day before I saw him he had a sudden severe attack of pam m his right chest, 
accompanied by shortness of breath but no bloody sputum He was transferred to a 
hospital and operated upon The long saphenous vein contained a clot which extended 
into the iliac vein The femoral \ein was exposed distally It did not contain any 
thrombus The thrombus was sucked out of the iliac vein and the saphenous was 
ligated and a portion excised He was given heparm m Pitkin’s solution, intra- 
muscularly His convalescence was uneventful 

Comment In the early stage it would have been so easy and safe to 
pei form, undei local anesthesia, a proximal ligation on this patient He 
would have been saved weeks in bed, as he could have been mobilized im- 
mediately postoperative 


v SUMMARY OF CASES 

Twelve cases with 16 thrombectomies, including three simultaneous throm- 
bectomies of both iliac veins, are reviewed Case 11, with first a throm- 
bectomy on the left side, and then, ten days later, a thrombectomy on the right, 
is reported as tw r o operations because of the intervening time element Two 
thrombectomies preceded operation, one immediately preoperative (the case 
of the carcinoma of the ovary) , and the second two weeks before hysterectomy 
There w-ere two deaths m this series, one not due to the disease, the 
patient dying two weeks postoperative of renal insufficiency The second 
death w r as definitely due to the disease 
Only one patient had a later embolism 
Anticoagulants were used m all of the cases 

I should like to describe the method of using heparin subcutaneously, by 
injections at 2- to 3-day mteivals, as developed by Leo Loewe, 111 New 
York I quote from Loewe as follow's 

“To accomplish a slower and more equitable absorption of heparin, the Pitkin 
menstruum was adopted as a vehicle This menstruum was developed to regulate 
the rate of release of water soluble drugs injected intramuscularly or subcutaneously 
The ingredients are gelatin, 15 to 30 per cent, dextrose, 5 to 12 per cent, acetic acid, 
x to 1 5 per cent , distilled water, q s to 100 per cent The viscosity of the menstruum^ 
which is predicated on the concentration of the gelatin and dextrose, determines the 
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rate of liberation of the drug, the greater the viscosity, the slower the liberation In 
the preparations containing heparin the optimum percentages of gelatin and dextrose 
were 18 per cent and 8 per cent, respectively 

“Ampules containing varying proportions of heparin and Pitkin menstruum, with 
or without vasoconstrictor elements, were prepared All ingredients apart from heparin 
were found to be inactive in control tests 

“The contents of the ampules were liquefied at iio° F , drawn up through a 2 5-inch, 
19-gauge needle into a previously warmed, sterile 5 cc or 10 cc syringe and im- 
mediately injected subcutaneously, preferably in the anterior or lateral aspect of the 
thigh Intragluteal injections were also done in a limited number of instances Although 
this method of administration was abandoned because of too rapid absorption, further 
experience may eventually prove it to be just as effective as by the subcutaneous route 
When two ampules were employed, the contents were thoroughly admixed in the 
syringe before injecting The material congealed promptly following inoculation The 
injections were administered with a minimal amount of discomfort to the patient Some 
patients subsequently complained of pain, tenderness, and swelling at the site of inocula- 
tion, particularly when a large amount (3 to 4 cc ) of the menstruum was used This, 
however, did not prove to be a deterrent to further treatment, and symptoms promptly 
subsided upon cessation of therapy ” 

The results of Loewe’s treatment aie that it is possible now to heparinize a 
patient for ten days at a much less expense and with possibly three to four 
subcutaneous injections during this time 

My obseivations of Loewe’s method show that it does lengthen the bleed- 
ing time, and that the patient has no ill effects from the treatment save for 
the pain m the injection area This tenderness m the area where the hepann- 
Pitkin solution is injected becomes quite a problem as the patient may, about 
the time of the third injection, oppose the injection because of the pain 
involved As the process is improved, however, I feel certain that this one 
difficulty will be remedied To those who have had to give heparin constantly 
for from five to ten days, this method is a gieat improvement The expense 
of the old method, and the amount of fluid given during each 24 hours, almost 
make continuous injection prohibitive m these days of diminished nursing 
care 


SUMMARY AND CONCLUSIONS 

Twelve cases of thiombectomy of the iliac vein have been presented 
Three of these tin ombectomies were performed as bilateral excision of clot m 
each iliac vein In this group there was one mortality due to an embolus 
The postmoitem examination and case history of this case are presented 
and discussed It is the author’s opinion that this procedure is safe, that 
it does not lesult in marked swelling of the leg, and is a life-saving measure 
in cases where emboli have already resulted 
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THE ECONOMIC VALUE OF PERITONEOSCOPY 
Martin Miqtjeo Narancio, M D , .1 ohn C Pierson, M D , 
Gordon McNeer, M D , and George T Pack, M D 

New York, N Y 

FROM THE GASTRIC SERVICE OF THE MEMORIAL HOSPITAL FOR CANCER AND ALLirD DISEASES 

NEW YORK, N Y 

Peritoneoscopy, or the direct inspection of the abdominal cavity with an 
endoscopic instrument, is a diagnostic procedure known to clinicians since 
1901 The most important contributions toward its development are found 
m Table I 

At the Memorial Hospital oui chief interest in this endoscopic field has 
been m the determination or recognition of the inoperability of various 
intra-abdOminal neoplasms One can frequently appreciate the inoperability 
of some cancers by this examination, but, on the contrary, the resectability 
can never be ascertained with any degree of certainty If this fact were 
universally known, the limitations of the instrument would be accepted and 
no extravagant claims for its use would be made The recognition of metas- 
tases m the liver or carcinomatous implants on parietal or pelvic peritoneum, 
for example, would discourage any surgical attempt at removal of a gastric 
cancer On the other hand a cancer appaiently confined to the stomach, as 
viewed through the peritoneoscope, may be definitely inoperable because of 
retroperitoneal involvement, infiltration around major blood vessels, etc The 
diagnosis of cancer of the stomach and the majority of other intra-abdominal 
tumors has usually been established before peritoneoscopy is contemplated, 
so it is seldom employed for this purpose The chief indication for its use, 
in our hands, is the attempted determination of inoperability, in borderline 
cases, when clinical evidence of such inoperability does not exist With this 
point of view, one could not make the mistake of denying to any patient the 
opportunity for surgical relief or cure If the cntena which deteimme 
mopei ability are not fulfilled on peritoneoscopic study, a celiotomy lmmedi- 
atel) follows, and the tumor is then found to be resectable or inoperable. 
This discovery of inoperability should not be listed as a failure for pen- 
toneoscopy, because it only confirms the well-recognized limitations and 
handicaps of the method 

This relatively safe minor procedure will often prevent useless exploratory 
celiotomies in patients who are poor surgical usks The economic advantages 
to the patient, and to the hospital, will be discussed later m greatei detail 
Peritoneoscopy is generally indicated in the following conditions Intra- 
abdominal tumois, particularly malignant tumors, cirrhosis of the liver, 
ascites of undetermined origin, tuberculous peritonitis, ectopic pregnancy, 
and lesions of the internal female genitals The piocedure is contraindicated 
in acute inflammatory conditions of the abdomen , advanced cardiac or pul- 
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monary diseases , and extensive peritoneal adhesions The single death m this 
series occurred in a jaundiced patient, this fatality, from slow, hidden mtra- 
peritoneal hemorrhage would not occur now, with the routine employment of 
prothrombin estimation and vitamin K therapy 

TECHNIC OF PERITONEOSCOPY 

After prelinunaiy sedation with morphine and scopolamine, the abdominal 
wall is prepared as for any celiotomy In addition to sterile gowns and 
gloves, the operator, and his assistant, wear stenlized fiber masks and sterile 

Table I 

HISTORICAL DEVELOPMENT OF PERITONEOSCOPY 

Contribution 

“Kblioscopie” — First demonstration made on a living dog Used a 
cystoscope and was the first to inflate the abdomen with air 
* Laparoscopy” — Received recognition for the procedure Was the first 
to apply pneumoperitoneum to roentgenologic diagnosis 
The first American to attempt peritoneoscopy Devised a proctoscope of 
one-half-inch bore which he inserted through a small incision in the 
epigastrium Head mirror used for source of illumination Used the 
term ‘ organoscopy ” 

Devised a “trochar endoscope ” Was the first to describe the endoscopic 
appearance of the female organs with the patient in the Trendelenburg 
position 

Published a complete description of the technic of endoscopy of the 
abdomen 

Devised superior instrument Outlined standard procedure Introduced 
the term “peritoneoscopy ' 

spectacles The operating room is completely darkened A site for the 
introduction of the instrument is selected in the midhne immediately below 
the umbilicus The skm, subcutaneous tissues, fascia, muscle and properi- 
toneal fat aie infiltrated with one per cent novocame A vertical incision, not 
more than two centimeters in length, is made, and the tissues are retracted 
with narrow right-angle reti actors until the posterior rectus sheath and 
peritoneum are exposed A small blunt trochar is introduced into the peri- 
toneal cavity and air is pumped in by means of an attached hand bulb After 
a good-sized air space is secuied (determined by abdominal tymphany), a 
large trochar is inserted, the obturator removed, and the telescopic lens intro- 
duced Examination of the peritoneal cavity including - the visible organs 
and the serosal and parietal peritoneum is then undertaken The pelvic 
cavity and its contents are best visualized by placement of the patient in the 
Trendelenburg position, whereas, the liver, gallbladder and stomach are best 
seen with the patient in the extreme opposite position, t e , with the superior 
half of the body elevated by 20 to 40 degrees (Fig 1) Proper adjustment 
of shoulder braces and footboard facilitates this procedure The peritoneo- 
scope should be kept close to the parietal peritoneum and advanced always in 
a relatively horizontal direction in order to avoid injury to the viscera The 
introduction of the Ruddock stomach tube with illuminated tip is of some 
help, as it aids the observer by transillummation of this organ The peri- 
toneum, fascia and skm are closed by the insertion of black silk sutures 
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1 Kelling 1910 

2 Jacobaeus 1910 

3 Bernheim 1911 

4 Nordentoeft 1912 

5 Nadeau and 192S 

Kampmeier 

6 Ruddock 1937 
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PERITONEOSCOPY 


The lack of a modern Ruddock peritoneoscope does not constitute a bar 
to successful pentoneoscopy The examination can be successfully accom- 
plished with a child’s esophagoscope or a cystoscope, as we occasionally did 
ro-15 years ago 


END-RESULTS OF PERITONEOSCOPY 

Since January 1940, pentoneoscopy has been employed upon 80 patients 
at the Memorial Hospital Of these, 26 had primary gastric cancers, 12 had 



B C 

Fig 1 — A Preliminary introduction of trocar into peritoneal cavity Note sterile face mask 
and glasses 

B Examination of upper abdomen with the body of patient inclined, so as to elevate the 
upper half 

C Examination of the lower abdomen with the patient m the Trendelenburg position 

cirrhosis of the liver, seven had neoplasms of the gallbladder or liver, and 
six patients with mammary cancer bad peritoneoscopic visualization of their 
livers The diagnoses m the remaining 29 cases (3625 per cent) are found 
m Table II 

Of the 26 patients with carcinoma of the stomach, who were subjected to 
peritoneoscopy, the purpose of pentoneoscopy was satisfactorily fulfilled in 
53 8 per cent (14 patients) In seven patients, metastatic cancer was found 
to involve the liver, parietal peritoneum, or both, and m this group a major 
operation was avoided In seven other patients, whose gastric cancers were 
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occurred in the group of 80 patients, the result of mtraperitoneal hemorrhage 
m a patient with cirrhosis of the liver and a low prothrombin level No 
obvious source of bleeding could be found on postmortem examination This 
single opeiative death may be contrasted, for example, with that for explora- 
tory celiotomy foi cancel, which is generally m the neighborhood of eight 
pei cent 

The brief period of hospitalization is of economic significance to the 
patients At the present tune, the total minimum cost (exclusive of pro- 
fessional fees) to a patient occupying an inexpensive private room for two 
weeks is $140 Add to this the routine charges of $55 for anesthesia and 
the use of the operating room when a major operation, such as an exploratory 
celiotomy is performed, and the total amounts to $195 without additional 
expenditures, such as nursing care, medicines and laboratory charges This 
is in contrast to the sum of $58 50, or the total expense for two days' hos- 
pitalization, including the operating room cost, when peritoneoscopy is under- 
taken on patients of similar financial status For ward or clinic patients, a 
comparable financial saving occurs — $86 minus $15, the cost of exploratory 
celiotomy, and $24, the cost of peritoneoscopy 
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SPONTANEOUS INTRA-ABDOMINAL HEMORRHAGE 

Matthew Marks, M D , and S 0 Freedlander, M D 

Cleveland, Ohio 

FROM THE SURGERY DEPARTMENT OF WESTERN RESERVE SCHOOL OF MEDICINE AND CLEVELAND 

CITY HOSPITAL, CLEVELAND, OHIO 

Hemorrhage within the abdomen and into the peiitoneal cavity is not 
in itself uncommon Howevei, when we exclude bleeding of a genital origin 
m females, bleeding due to rupture of abdominal aneuiysms and bleeding 
due to direct tiauma, Me find that the spontaneous rupture of a splanchnic 
vessel is very rare It is this condition which has been termed “abdominal 
apoplexy” by some, with which this paper deals To the best of my 
knowledge, only 26 instances in 25 patients have been reported since 1911 It 
is the put pose of this paper to leport three additional cases -which have been 
observed at Clei eland City Hospital during the past yeai 

It has been said that there is nothing pathognomonic in either the symp- 
toms or the signs of this entity to permit certain preoperative diagnosis Such 
has been our experience However, after analysis of the previously reported 
cases, Cushman and Kilgore have described the syndrome and believe that it 
can be diagnosed with a certain degree of certainty They state that as long as 
the hemorrhage is confined within the leaves of the mesentery that the 
pam is typically that of a dull, sickening type The initial pam is usually 
sudden in onset, and persistent 01 giadually subsiding rather than colicky 
m nature We would add that it becomes colicky if actual obstruction is 
present It is usually accompanied, sooner or later, by vomiting Neither 
does vomiting nor evacuation of the bowel 1 elieve the pam In 1 1 of the cases 
previously reported, the pam subsided only to recur m a few hours to several 
days This obviously depends upon the site, amount and lecurrence of The 
actual hemorrhage When tension around the hematoma is released, sudden 
excruciating pain is experienced, this is followed rapidly by collapse and 
signs of shock if hemorrhage of significant amount occurs This phase 
may be initiated by vomiting, by the use of purgatives or by mild physical 
activity, any of which may, in turn, reestablish bleeding 

A certain amount of leukocytosis is usually seen, and when the blood 
actually enters the peritoneal cavity this becomes even greater The red 
blood count and hemoglobin determinations may be helpful, but these 
depend greatly upon the amount of bleeding and the state of hydration of 
the patient 

A point of more than academic interest is that 56 per cent of the reported 
cases had signs of arteriosclerosis and/or hypertension The average age 
of the group was approximately 56 When carefully questioned, some 
gave the history of some physical activity when the pam was first noted, 
c g , carrying a heavy load or bumping into someone The celiac axis was 
involved in 8 of the cases, the superior mesenteric and its branches in 13, and 
m three cases the origin of the bleeding was not found or stated Of this 
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group, ig patients were operated upon Ligation of the bleeding point 
was carried out in seven, and no point of hemorrhage was isolated in 12 
Five of the operated group (26 per cent) died Only one case was diagnosed 
correctly and proven by operation 0 Two cases reported by Cushman and 
Kilgore, one of which is the only recurrent case on record, were not operated 
upon, and recovered Roughly, one-third of the patients began with pain 
but did not go on to collapse, one-third after an indefinite period vent into 
shock , rupture of the hematoma occurred so early m the remaining third of 
the cases that collapse was almost the initial symptom 

The cases which we report consist of three colored males ages 55, 43 and 55, 
respectively 

Case 1 — H G, Negro, male, age 55, was admitted January 3, 1944, with a chief 
complaint of epigastric pain This had come on suddenly about three hours before 
admission, while lifting a shovel full of ashes It was sharp and very severe, there 
was a tendency for it to bore directly through to the back and though present continuouslj 
there were times when it became colicky and more severe He had vomited twice 
before admission and once shortly thereafter His last meal had been one hour before 
the onset of pain, and his last bowel movement had been on the preceding day He 
had felt perfectly well until one day previously when slight anorexia was noted His 
past history revealed that he had had a penile lesion at the age of 17 which had never 
been treated 

Physical Examination — The patient was well-nourished and well-developed Tem- 
perature 37 7° C , pulse 1 14, respirations 20 Blood pressure 84/70 He was perspiring 
freely General examination was essentially negative other than that relevant to the ab- 
domen The abdomen was markedly tender over a small area in the left epigastrium, with 
some tenderness in the left lower quadrant Some spasm was also present in the left 
upper quadrant Slight rebound tenderness was present throughout No masses were 
felt and no borborygmi were heard Liver dullness was present On rectal examination, 
good tone was noted and there was no pelvic tenderness Red blood cells 4,160,000, 
white blood cells 8,800 The urine contained one plus albumin, specific gravity 1 028 
Roentgenograms of the abdomen were negative, and an upright film of the chest 
showed no free air under the diaphragm 

Continuous gastric suction W'as instituted After giving him intravenous fluids, 
including plasma, his blood pressure rose to 124/72, pulse 130 

Operation — Exploratory celiotomy was performed under procaine intraspinal 
anesthesia A large number of clots and considerable free blood were found in the 
peritoneal cavity An hematoma, the size of a grapefruit, was found near the hepatic 
flexure in the transverse mesocolon, the inferior leaf of which had a laceration about 
four inches long in it near its base As much of the hematoma as possible was evacuated, 
along with the remaining blood in the peritoneal cavity No definite bleeding point was 
seen The laceration was then closed with continuous interlocking suture of No 00 
chromic catgut The abdomen was closed by through-ana-through No 8 Deknatel 
sutures Blood pressure at the end of the celiotomy had risen to 170/130 

Except for some vomiting on his nth to 14th postoperative days, he made an 
uneventful recovery, and w'as discharged, January 28, 1944, after a negative G I series 
His blood Kline w r as ++++ in both diagnostic and exclusion tests His condition 
was good when recently seen in the out-patient department 

Case 2 — G M , Negro, male, age 43, was admitted, January 13, i944> with a history 
of generalized, vague abdominal discomfort of 48 hours' duration Shortly after its onset he 
began vomiting and had continued to do so, being unable to retain food or liquids of 
any kind He had had no bowel movements for three dajs, though he had taken several 
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laxatives since the onset of his present illness The pam was more severe m the 
upper abdomen and right paraumbilical region and had not shifted in any direction 
since its onset The past history was noncontributory. 

On admission, his temperature was 388° C , pulse 96, respirations 28, and blood 
pressure 150/120 The patient was well-developed and well-nourished The skin was 
dry and warm General examination was essentially negative other than that relevant 
to the abdomen The abdomen was flat and no visible peristalsis was present There 
was moderate tenderness m the right epigastrium and right paraumbilical region, the 
latter point being somewhat more tendei Rigidity of the right rectus muscle was 
present No borborygmi were heard Red blood cells 4,800,000, white blood cells 
13,600 The urine had a specific gravity of 1 035, and had 8 to 10 hyaline and granular 
casts and an occasional white blood cell and red blood cell m each high power field 
Because it was felt that he probably had high intestinal obstruction, a small amount 
of thin barium was given the patient and watched under fluoroscopy It was impossible 
to fill the distal portion of the stomach A plain film of the adbomen and a chest film were 
negative Constant gastric suction was started and intravenous fluids, including plasma, were 
given An exploratory celiotomy through a right rectus incision was then performed, under 
procaine mtraspinal anesthesia A laige mass, about 10 x 5 cm m diameter, was pal- 
pated within the “C” loop of the duodenum Incision was made through the gastrocolic 
ligament and then through the peritoneum, behind which the hematoma was expressed 
as completely as possible No bleeding point was found and the peritoneum and 
gastrocolic ligaments were closed No freed blood was present m the peritoneal 
cavity The abdomen was then closed, using chromic catgut in layers He has been 
seen in the out-patient department on two occasions, and has had no recurrence of 
symptoms His blood pressure was 170/94 and 145/100 at these times Blood calcium, 
bleeding time and clotting time have been normal 

Case 3—O W, Negro, male, age 55, was admitted, April 10, 1943, with a chief 
complaint of heart tiouble and abdominal pam He had been treated elsewhere for about 
four months because of shortness of breath with marked dyspnea on exertion, orthopnea 
and ankle edema He also had been told that he had high blood pressure Three weeks 
before admission he became worse and had been confined to his bed, about three days 
previously he had first noted vague abdominal pain which was more pronounced m the 
epigastrium and right upper quadrant There had been some associated vomiting, the 
nature of which was also rather vague On the morning of admission he had had 
a “fainting spell” accompanied by profuse diaphoresis and weakness 

On admission, his temperature was 37 2° C , pulse 108 , respirations 28 , and blood 
pressure 188/148 He was a well-dei eloped but rather poorly nourished colored male, 
who was lying rather listlessly in bed and who was rather dyspneic There was no 
cyanosis noted His skin was warm and moist The pupils reacted to light and 
accommodation, and fundoscopic examination revealed moderate sclerosis of the vessels 
with areas of degeneration and recent hemorrhages visible The thyroid was not 
palpable There was slight venous distention of the cervical veins The lungs were 
clear to percussion and auscultation except ioi transient rales at each base The left 
border of cardiac dullness was at about the nipple line The cardiac rhythm was 
regular and no murmurs were heard The peripheral vessels were tortuous and 
sclerotic The abdomen was diffusely tender but this was more pronounced m the 
right upper quadrant Only voluntary spasm was present Each costovertebral 
angle was also tender The liver was palpable one fingersbreadth below the right costal 
arch A left hydrocele was present The reflexes were generally hypoactive Marked 
tenderness was present above the prostate Red blood cells 3,Soo,ooo, hemoglobin n Gm , 
white blood cells 30,000 The urine was loaded with white blood cells The impression 
was hypertensive cardiovasculai disease with arteriolar nephrosclerosis and pyelone- 
phritis 1 y 
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Following his evening meal on the day of admission he vomited and then im- 
mediately fainted, remaining unconscious for about two minutes He perspired freely 
and was slightly euphoric His pulse was very rapid, thready and irregular Marked 
dyspnea was noted He responded fairly well to 50 per cent glucose and ammophylhn 
but remained lethargic A lumbar puncture was done, mechanics and pressure were 
normal and a cell count of 26 was noted The blood urea nitrogen was 51 8, and 
creatinine was 4 8 Surgical consultation confirmed the impression of bilateral pyelone- 
phritis and uremia Gemto-urinary and chest films were negative except for the 
evidence of cardiac enlargement 

After three days the abdominal signs had disappeared completely except for accurate 
point tenderness in the right upper quadrant His white blood count was 9,400, and ' 
the urine had essentially cleared Blood pressure remained at a somewhat higher level 
than that lecorded on admission, the highest figure recorded being 245/142 Vital 
capacity was two liters 

Digitalization was started The patient appeared to improve until 14 days after 
admission when abdominal cramping pains started They became progressively more 
severe and were associated with nausea and vomiting When seen in surgical consulta- 
tion he had exquisite tenderness and spasm m the right upper quadrant with some 
spasm throughout the entire abdomen Moderate rebound tenderness and distention 
were present The impression at that tune was an acute exacerbation of chronic 
cholecystitis A plain film of the abdomen and a chest film failed to show any sign of per- 
forated intra-abdominal hollow viscus, however, two shadows were seen which were in- 
terpreted as gallstones Because of his hypertension, with moderate cardiac failure and 
uremia, he was considered a poor surgical risk On the following three days his abdominal 
tenderness, spasm and distention were markedly improved, when suddenly, on his 18th 
hospital day, he became dyspneic, his pulse went up to 180, and blood pressure was 
100/60 Other signs of shock were present The abdomen was very distended and 
tenderness and spasm were now chiefly in the left upper quadrant His pulse and blood 
pressure were unobtainable 30 minutes later, and he died one hour later, without any 
lesponse to symptomatic therapy 

Autopsy was performed and the following diagnoses were made (1) Organizing 
hematoma at head of pancreas, with rupture through mesocolon near hepatic flexure 
and hemorrhage into peritoneal cavity (3100 cc of fluid, with a specific gravity of 
1 024) , (2) chronic cholecystitis, with cholelithiasis , (3) slight chronic pancreatitis , 
(4) marked bilateral pyelonephritis, (5) generalized arteriosclerosis, and (6) left 
inguinal hernia with hydrocele, bilateral 

Beneath the 5-cm rent m the hepatic flexure was a hematoma, about 10 x 8 cm 
m diameter It did not involve the kidneys, the adrenals or any of the gastro-intestinal 
tract except the mesocolon and the “C” loop of the duodenum The medial portion 
of the mass was in direct contact with, but definitely did not communicate with, the 
head of the pancreas Exploration of the celiac and superior mesenteric vessels 
revealed no evidence of rupture or thrombosis The walls of the bowel were intact 
On the right border of this mass another mass, measuring 5 x 3 a. 2 5 cm , was found 
Its wall was 4 mm thick and its contents gelatinous , this was interpreted as being 
an older hematoma 

Discussion — In selecting these three cases to report, and in reviewing 
the literature, every effort has been made to include only those which were 
truly spontaneous in origin For this reason, one of the previously reported 
cases was omitted because of the circumstances , a deep epigastric vein had 
ruptured during labor In our minds this could not be called spontaneous 
in origin Another condition which may be associated with marked mtra- 
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abdominal hemorrhage is acute pancreatitis Recently, a patient with this 
finding was operated upon at City Hospital but, because of the extensive 
necrosis m the pancreas, that case is not considered here Although our 
third case was m the geneial region of the pancreas, it was the opinion of 
the pathologist that this hematoma did not communicate with that organ 

All three of these cases had arteriosclerosis, with associated hypertension 
that was quite definite, all were males The average age incidence was 
approximately the same as for the previously reported cases, although the 
former group varied from the age of 27 to 80 

Each of our cases represents a different stage m this condition The 
first was operated upon following rupture of the mtramesenteric hematoma 
into the abdominal cavity, the second was operated upon before this per- 
foration had occurred, but the hematoma was causing intestinal obstruction 
The third case shows what course repeated mtra-abdommal hemorrhage 
may pursue In neither of our operated cases was an actual bleeding 
point found and ligated, but both recovered An attempt was made to 
correlate the type and location of pain each had with the anatomic findings, 
but in most instances this has been unsatisfactory For this reason we are 
hesitant about describing any “typical” syndrome 

SUMMARY 

1 Three cases of spontaneous mtra-abdommal hemoirhage have been 
reported , two of these cases w ere successfully operated upon , the third being 
diagnosed at autopsy 

2 An analysis of the 26 previously recorded cases has been discussed 

3 Even though this is a rare condition, w r e believe that it should be held 
in mind as an aid m diagnosis of obscure acute mtra-abdommal pathology 
It should be emphasized, however, that the symptoms and signs of abdominal 
apoplexy are dependent upon the site, the amount, and the rate of bleeding 
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COMPARATIVE STUDIES OF CANCEROUS 
VERSUS NONCANCEROUS BREASTS* 

Frank W Foote, M D and Fred W Stewart, M D 
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FROM THE DIVISION OF LABORATORIES AND RESEARCH, NEM YORK STATF DEPARTMENT OF HEALTH AND 
PATHOLOGY LABORATORIES, MEMORIAL HOSPITAL FOR CANCER AND ALLIFD DISEASES NEW YORK N Y 

II ROLE OF SO-CALLED CHRONIC CYSTIC MASTITIS IN MAMMARY CARCINOGENESIS 
INFLUENCE OF CERTAIN HORMONES ON HUMAN BREAST STRUCTURE 

We do not employ the term “chtomc cystic mastitis” m the diagnosis of 
lesions of the breast, since it conveys no indication of the presence or absence 
of many characteristic histopathologic changes , moieover, it implies a common 
etiology foi a variety of lesions, most of which are anything but basically 
inflammatory processes The deficiencies of the term have been recognized 
by mail} writeis, some of whom have proposed new designations not always 
without merit This multiplication of terminology has been, perhaps, partly 
lesponsible foi furthering the usage of the expression “chronic cystic mastitis,” 
since it affords a means of escape from a more complicated nomenclature At 
the present tune no univeisal agreement exists as to the precise lesions that 
should be included under the term “chronic cystic mastitis ” That these 
lesions are of multiple histologic type will be conceded by most observers, 
but when it comes to selecting the true i epresentatives there is disagreement 
Some authors seem to exclude nothing, but beyond this very liberal point 
of view the requirements become somewhat more strict Our impression is 
that most writers are liberal The term “chronic cystic mastitis” is so in- 
grained m the mmds of some pathologists that this diagnosis of a locally 
excised portion of breast almost amounts to a surgicopathologic reflex 
Such haphazard terminology leads to neglect of the actual histologic features 
present, and an accurate diagnosis demands an enumeration of actual lesions, 
even though it may enforce the employment of a rather complicated termin- 
ology Even if a certain group of lesions is eventually accepted as com- 
ponent parts of “chronic cystic mastitis,” it seems reasonable to list which 
of these are present when diagnosis is made in a given case It is not 
assured that all of these lesions are of equal importance, and unless mentioned 
categorically, the determination of which constitute the important ones 
will continue to be delayed There is further need for speaking in specific 
terms, since etiologic factors are still in dispute, and every assistance 
which might contribute to this problem should be given Clinical correlation 
would be facilitated by more definite designation of pathologic lesions 
Much of the confusion that exists m the literature on the subject under 
discussion stems from the following sources Too little regard has been 
given structural features that depend directly upon age Reports on rela- 
tively scanty material are all too frequent Very l ittle attention has been 
* Continued from Annals of Surgery, January, 1945 
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directed to periodic changes related to the menstrual cycle, and, hence, 
physiologic alterations have been interpreted as pathologic Observations 
of hormonal influences on the mammary glands of lower animals have been 
too freely transposed to the human female breast Many studies have been 
made by reviewing old material which was not prepared with any particular 
objective, this applies particularly to cancer-containing breasts where little 
if any stress was laid on the noncancerous portion of the breast Serial 
sections have seldom been used to trace the origin and distribution of 
ceitam abnormal proliferations Many conclusions have been made on a 
statistical basis alone with no effort to establish a supportive morphologic 
relationship based on histologic traceability Gross observations on fixed 
material commonly lead to certain errors that are avoided in fresh dis- 
sections There has been a tendency to dlaw conclusions as to genesis 
from observations of lesions fai too advanced to permit interpretation of 
origin Failure to recognize certain changes as postmortem or post- 
excisional, as the case may be, causes misinterpretation This is absolutely 
unavoidable if large sections of tissue aie fixed in bulk 

Any point of view that one chooses to take concerning the causal 
relation of so-called chronic cystic mastitis to mammary cancer can be 
abundantly supported from the literature The coincidental occurrence 
of cancer and so-called chronic cystic mastitis is variously reported The 
most extreme figure is ioo per cent, found by MacCarty and Mensing 8 in a 
series of 967 mammary carcinomas The explanation for this high figure 
is at once apparent by quoting the histologic critena employed by them “By 
chronic mastitis is meant the presence of one or more of the following condi- 
tions Fibrosis, hyalinized fibrosis, lymphocytic infiltration, distortion, partial 
or complete destruction of the glandulai groups, obliteration or dilatation 
of acinic lununa, atrophy, hypei trophy or hyperplasia of the parenchyma 
A histologic net of this sort would, indeed, tiap the wariest breast A con- 
trasting report was made by Bloodgood 0 in 1921 (page 541 of the article) 

“It is important to record that the histologic pictures shown in Figures 33 
through 85, and 90 and 91, have never been observed in the breast of a 
patient whose glands showed metastasis, or who had definite cancer When 
one reviews Bloodgood’s photomicrogiaphs, which encompass nearly every 
type of lesion commonly piesent in surgical specimens of breast, cancel ous 
01 noncancerous, he wonders what sort of study could have enabled the 
comment, and he must conclude that in Bloodgood’s cases of cancer, little 
or no attention was paid to noncancerous areas Between the two extremes 
just mentioned, almost any percentage of coexistence can be found Charteris 
reported evidence of “chronic cystic mastitis” in 85 per cent of 48 radical 
mastectomies for cancer The coexistence recorded by Rodman 11 was 5 
per cent, In a long monograph Semb 12 used the terms “fibro-adenomatosis 
simplex (microcystica)” and “fibro-adenomatosis cystica” In 140 cases 
of cancer he found “fibro-adenomatosis” in 80 per cent, 4° P er cen ^- being 
of the “simplex (miciocystica)” type and 40 per cent being of the cystica 
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type (Note that Semb’s "cystica” gioup includes papillary lesions ) Semb 
defined his histologic cnteiia accu lately, but it is noteworthy that on page 
275 he acknowledges that his deteimmations were made without regard to 
menstrual changes Logie 13 used the term "cystic mastopathy” and described 
the morphologic complex of lesions that it included In 118 cancerous breasts, 
67 (567 per cent) had evidence of mastopathia 'cystica Many other reports 
could be cited but the preceding < should suffice to illustrate the statistical 
disagreement concei nmg the coexistence of cancer and so-called chronic cystic ' 
mastitis It is to be noted that most writers base their diagnosis of "chronic 
cystic mastitis” 01 a term of their own selection, on the presence of at least 
one of a varying gioup of histologic findings Others make no mention 
as to wdiether a single lesion 01 multiple ones aie lequired 

Suppose the presence of one or moie of the following pot-pom n of lesions 
is adopted as being diagnostic of so-called chronic cystic mastitis* 

Table XXI 


1 Cyst(s) 

2 Duct papillomatosis 

3 Blunt duct adenosis 

4 Sclerosing adenosis 

5 Apocnne epithelium 

6 Stasis and distention of ducts 


7 Periductal mastitis 

8 Tat necrosis 

9 Hyperplasia of duct epithelium 

10 Fibro adenoma 

1 1 Tendency to fibro-adenoma 

(fibro adenomatoid mastopathy) 


Then, the 300 cases of mammary carcinoma studied here show the ac- 
companiment of so-called chronic cystic mastitis m 83 per cent, while the 
incidence m the 200 noncancerous cases is 90 per cent Each of the above 
lesions has been rather closely defined in eailier pages of this paper and 
each has easily recognized histologic characters We have avoided including 
doubtful findings such as “fibiosis,” "hyalmized connective tissue,” "cellular 
connective tissue,” "1) mphocytic mfiltiation,” "desquamation,” “atrophy,” 
"epithelial hyperplasia,” and other similar terms It is easy to see that with 
complete laxity in selection of criteria and inclusion of changes due to age 
and the menstrual cycle, the incidence would reach or approach 100 per 
cent for both cancerous and noncancerous cases 

The change designated as "hypeiplasia of duct epithelium” may not 
constitute m every instance a definite pathologic finding, for it is not always 
easy to be certain of what constitutes the uppermost levels of normal, or 
whether apparent epithelial hyperplasia is in reality a chance tangential section 
of a fold m a duct, as demonstrated by Ingleby 14 In preceding sections 
evidence has been presented to show that fibro-adenoma and "tendency to 
fibro-adenoma” do not tend to occur together with other proliferative lesions 
If these three members are eliminated from the tabulations and only the first 
eight are included, the following figures result The incidence of so-called 
chronic cystic mastitis becomes 74 per cent for the cancer Cases, and 76 
per cent for the noncancer cases 

Earlier m this paper inference was made that the lesion complex of 
"stasis and distention of ducts,” "periductal mastitis” and "fat necrosis” 
was not primarily related to a certain group of pi ohf erative and cystic 
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lesions It was stated that this nonprohfei ative ti lad might occur independently 
of the proliferative group, t e , in the absence of these lesions, or that it 
might occur in unison with this group In the latter instance, however, the 
only morphologic lelationslup appealed to be in those cases where the 
periductal mastitis, etc , seemed either incidental or secondary to anatomic 
obstruction The nonpiohferative tnad did not furnish an anatomic source 
of origin for the development of cysts, papillomas, blunt duct adenosis, 
'apocrine epithelium 01 sclerosing adenosis If, then, m addition to the three 
lesions already eliminated from the initial gioup of n lesions, we omit stasis 
and distention of ducts, penductal mastitis and fat necrosis, there is a residue 
of the hist five lesions listed m Table XXI whose characters may be sum- 
marized as “cystic and prohfei ative ’’ (We have not included a probably 
related lesion, “primary lobule alteration,” but this omission causes no 
appreciable chfifeience in either the absolute or comparative deteiminations) 
If we use the piescnce of at least one of the cystic or pioliferative lesions 
as a standaid for the diagnosis of so-called chronic cystic mastitis, this con- 
dition is found in pei cent of the 300 cancel ous breasts, and in 65 per cent 
of the 200 noncancel ous hi easts If multiplicity of lesions is made a require- 
ment, the figuies fall lapidly When two 01 more lesions are required, the 

coexistence is 35 pei cent in the cancel series, and the frequence is 43 

per cent in the noncancel senes If three lesions are requued, the cor- 
responding figures aie 17 per cent and 25 per cent lespectively These deter- 
minations are foi the two classes of cases taken as a whole, and since the 

cancerous breasts average 49 5 yeai s 111 age and the noncancerous ones 39 

years, it is necessary to compaie the incidence of the group of cystic and 
proliferative lesions by decades This is given in Table XXII 


Table XXII 


Decade 

30-40 

40-50 

50-60 


1 REQUFNCY OF CVSTIC AM) PROLIFERATIVE LESIONS BV DECADES 


Cancer Cases 

If One Lesion II More than One 

is Required Lesion is Required 


58% 37% 

63% 47% 

50% 15% 


Noncanccr Cases 

If One Lesion If More than One 

is Required Lesion is Required 


60% 

82% 60 % 

57% 30% 


The immediately piecedmg figuies, in general, show somewhat similar 
ti ends in the occui 1 ence of these cystic and proliferative lesions in various age- 
groups whether the breast is or is not cancel ous Throughout, there is 
slight to moderate numerical pieponderance in favor of the noncancerous 
breasts Perhaps there is a greater actual preponderance in the noncancerous 
breasts than revealed by this study It must be emphasized again that 
the determinations made in the noncancerous senes are based almost exclusively 
on local excisions, and hence the entire breast cannot be represented At 
the same time, however, it seems iieasonable that these local excisions 
represent the most altered portion of the organ 

Various interpolations can be made from Table XXII If one wished 
to discount (on statistical grounds) the influence of these five lesions on 
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the genesis of mammary cancel, he could state that they are somewhat moie 
common in noncancerous breasts than cancerous ones, and that in women 
50-60 years of age multiplicity of these lesions is twice as common in 
breasts free from cancer On the other hand, it could be argued that the 
crstic and prohfeiative lesions are most commonly encountered in the ages 
40-50, and that this decade produces moie mammary cancers than any 
other Or, one could considei the two conditions independent, but with 
certain temporal relationships and divergences which depend on the natural 
history of the two disease processes 

The references to other writeis and the tabulations shown here should 
sufficiently demonstrate that the concomitant occurrence of cancer and 
so-called chronic cystic mastitis will vary statistically according to selection 
of lesions 

We have previously enumerated five lesions that can be described col- 
lectively as “cystic and proliferative ” Their tendency to coexist has been 
emphasized and recorded m preceding tables Certain morphologic interrela- 
tionships have been traced in former sections, while lack of morphologic 
relation to other stated lesions has been shown 

We have been unable to detect local factors in the breast that can be 
interpreted as causal This statement is based principally upon study arid 
observation of lesions in their earliest phases of development The absence ' 
of detectable local factors and the anatomic and age distribution of these 
lesions suggest that they may lepresent a metabolic disturbance, and with 
the established cyclic histologic changes leferable to the follicular hormone 
and the corpus luteum hormone, it is leasonable to suspect that imbalance 
between these metabolic agents may be etiologic This viewpoint has been 
taken by Goorinatigh and Amerhnck 15 Their conclusions were based on 
the study of changes produced in the mouse breast after injection of 
folhcuhn for varying periods of time In the alterations produced it was 
their opinion that the major role w r as played by the corpus luteum hormone, 
the effects of wffiich were prolonged by the administration of folhcuhn 
While one must admit some resemblance m the changes reported to the 
disease in the human female breast, some features are lacking No real 
proof of true cyst formation is offered, and to speak of a dilated duct as 
“cystic” may be misleading Suffice it to say that Goormatigh and Amer- 
hnck conceded the parallelism of the mouse and human lesions to be 
“quasicomplet ” Lewis and Geschickter 16 support the hormonal theory of 
etiology They speak of tw^o types of chronic cystic mastitis In one of 
these, cysts predominate, and these they term “cystic disease ” In the other 
type epithelial hyperplasia predominates, and this they term “adenosis ” 
These writers refer cystic disease to the effects of theelin and adenosis to 
the effects of progestin We are unable to dissociate our material so sharply 
into tw'o Such categories as have Lew'is and Geschickter, since the cystic and 
the proliferative lesions have been shown repeatedly m our tabulated 
results to show a marked tendency to coexist Lewis’ and Geschickter’s classi- 
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fication will fit some extreme anatomic forms of the disease under discussion, 
but it deals principally with accented features and does not fit the majority 
of cases Lesions produced in rats by Geschickter and Byrnes 17 after 
treatment with vanous estrogenic substances have some features in common 
with the human form of “chronic cystic mastitis ” Burrows 18 injected 
male mice with estrin and pioduced changes which he considered representative 
of chronic cystic mastitis Careful survey of his text and examination 
of the photomicrographs show some resemblance to the human disease, but 
this seems forced, and mterpi etation must depend as much upon one’s attitude 
as upon the lesions produced As in Goormatigh and Amerhnck’s work, no 
definite evidence of having produced clearly isolated cystic structures is 
given The cystic and proliferative lesions pioduced in rate by Eisen 10 
with crystalline estrogen represent a rather satisfactory counterpart of those 
found in “chronic cystic mastitis” of the human female Taylor and Waltman 20 
failed to reproduce in mice treated with estrogen in oil a lesion-complex 
comparable to “chronic cystic mastitis” of humans Greene 21 has made 
interesting observations on a spontaneous familial disease of the rabbit breast 
m which the lesions closely simulate cystic and proliferative 'lesions of the 
human female He regarded the observed changes as comparable to those 
found in animals after long continued administration of estrogenic substances 
All of the foregoing work briefly reviewed has a common defect, namely, 
that conclusions depend on the findings in rodent breasts If one adopts the 
point of view that the lesions produced are equivalent to those in the 
human breast, is the hormonal basis proved for the human disease ? Or, if 
one adopts the point of view that the lesions are not equivalent to those in 
humans, does it disprove a hormonal basis ? It may well be that the physio- 
logic gap between the two species is too wide for mutual transposition 
of morphologic observations So far as we have been able to ascertain, there 
has not been any reasonably adequate histologic study of the human female 
breast under known conditions of hyperestrimsm Accordingly, no one can 
point to any group of pathologic lesions in the breast and maintain with 
certainty that they are due to this influence as, for instance, one may do in 
glandular and cystic hyperplasia of the endometrium Adequate histologic 
data on breast lesions occurring undei excessive administration of the corpus 
luteum hormone in women are also lacking Normal cyclic changes and the 
changes seen in early pregnancy can be confidently 1 elated to specific 
hormonal influences, but abnormal histologic patterns at the present time 
must logically remain in doubtful status pending further investigation 

The statistical frequency of the coexistence of so-called chronic cystic 
mastitis and mammary cancer has engaged more attention perhaps than 
is deserved Those who find in their studies a high rate of coexistence 
uniformly place more importance upon this finding than those who report 
a much lower coexistence In our opinion a better proof of causal relation- 
ship depends upon showing a direct anatomic association rather than a 
mere statistical one In other words, it must be demonstrated anatomically 
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that the lesions of so-called chronic cystic mastitis furnish the actual focal 
starting point or points for at least a certain number of mammary cancers 
Though the most direct approach, this is at the same time the most difficult 
to achieve This difficulty lies m the fact that mammary cancer, like nearly 
ever) other foim of cancer, almost always is a far advanced process when it is 
first observed either clinically or microscopically One is reduced to a 
minute group of chance findings in local excisions for supposedly benign 
conditions , or these may be added to in small measure by microscopic study 
of the macroscopically noncancerous portions of breasts that contain cancer 
By so doing an occasional bi east yields sections that show convincing 
transition lesions or foci that fulfill the criteria for true noninfiltrating 
cancer These foci should have no continuity with an infiltrating tumor 
Such examples as this m our ow n material are too few for us to make any 
estimate of how frequently cancel of the breast may begin in the various 
lesions that ai e part of the lesion complex “chronic cystic mastitis ” Though 
unable to give pi ecise figures v e can confidently say that we have seen cancer 
begin in duct papillomatosis, solitary and multiple, cyst, apocrine epithelium 
and blunt duct adenosis This has been more fully commented on in other 
sections Over a long period of years, a bulky material tediously studied 
may produce enough very early cancers to make possible a fuller analysis 
To date, the most practical and useful approach to the problem of 
“chronic cystic mastitis” and cancer has been the clinical follow-up method 
Greenough and Simmons 22 followed for from one to 17 years a group of 
83 v, omen v ho had local surgical excisions for cystic disease In 4 8 per cent 
of these, carcinoma of the breast subsequently developed One should bear 
in mind m this connection that m 1914 some histologic diagnoses of 
carcinoma i\ere made on lesions that would not be regarded at the present 
time as cancer In Johnson’s 23 101 cases of cystic disease, 61 were followed 
for one to 20 years and no caicmomas developed Bloodgood, 24 in 1932, 
gave the follow-up record of a group of 350 cases of chronic cystic mastitis 
that had been operated upon prior to 1921 9 Not one of these cases had 
developed evidence of mammary carcinoma It should be noted, however, 
that the whole breast had been removed m 61 5 per cent, leaving but a small 
gioup of suitable cases Similar results were reported several years latei 
by Lewis and Geschickter 25 Of 271 cases of “adenosis” followed more than 
five years, two had died with breast cancer, and of 252 cases of “cystic disease” 
followed more than five years, one had died from breast cancer It is not 
clear how many of these cases had operations, but apparently most of them 
had simple excisions No statement is given concerning any patients who 
might have been living with breast cancer or upon whom a successful operation 
for breast cancer had been performed Khngenstem 26 reported the subsequent 
development of carcinoma after local excision m two patients of 54 who were 
followed for two to 11 years Campbell 27 reported his follow-up records of 
290 cases He grouped these into “simple cystic disease” and “adenocystic 
disease ” Of 190 cases of simple cystic disease treated by local excision, 62 
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per cent weie followed five or more years, and m only one did breast cancer 
develop Of 43 cases of adenocystic disease, 52 per cent were followed five 
or moie years, and in none did breast cancer develop There were 57 cases 
tieated by simple mastectomy Of these 62 per cent were followed five 01 
more years and one case developed cancer in the remaining breast 

One of the most lecent and extensive follow-up studies is that of 
Wauen, 28 notable in that much effort was made to place his conclusions 
on a sound statistical basis He used the Massachusetts statistics for the 
death late foi m'ammaiy cancer among females, and estimated that the annual 
attack late was twice the death rate In addition, the expected annual 
incidence of mammary cancel m the general population was calculated 
foi each decade Wauen pooled cases from two sources, Toronto and 
Boston There were 602 cases from Toronto, 4x9 of which were followed 
five years 01 more Of 900 Boston cases in which follow-up was attempted, 
this was successful in 604 In these the follow-up ranged from five to 21 
years In these 1206 cases, mammary cancer latei was found in 42 Accord- 
ing to Warren, the numbei of cancels expected to develop in a group of 
this size 111 the general population is 13 16 In the 1206 cases, 301 were 
designated by Wairen as “chronic mastitis” and 743 as “chrome cystic 
mastitis ” In these two combined groups 35 cancers developed Twenty- 
five of these cancels weie in the Boston material, as opposed to an expected 
number of 6 6 When calculations were made foi age-group rates, the author 
concluded that “the bieast cancel attack late foi women with chronic mastitis 
and related lesions m the age-gi oup of 30-49 years is 1 1 7 times the rate 
for the Massachusetts female population , 111 the group over 50 years of age, 

2 5 times as great, m the entue group, 4 5 tunes as great” It is stated by 
Warren that theie is no way of knowing how many women in the general 
population who develop chi 0111c mastitis come under observation, but he 
assumes (italics ours) that the proportion seeking medical attention is large 
In other words, he implies a low incidence of chronic cystic mastitis in the 
population at large In this connection the work of Keynes 29 deserves 
attention This investigate lemoved one breast from 116 consecutive 
autopsies on female patients and made careful gross and micioscopic examina- 
tions Fifty-mne of the 116 breasts showed lesions of chronic mastitis 
Keynes defined chrome mastitis as “manifested by dilatation of ducts and 
acini, accumulation in them of the products of epithelial activity, infiltration 
with lymphocytes, fibrosis, and epithelial changes ” These designations are 
very general and make a high rate of occurrence almost unavoidable It is 
recalled that MacCarty and Mensmg, on the basis of similar criteria, reported 
an incidence of 100 per cent in a large series of cancer-containing breasts 
Our own examination of 54 breasts from the population at large indicates 
that this source of material presents a much lower incidence and degree of 
so-called cluomc cystic mastitis than the cancerous or noncancerous surgical 
breast 

The reasons for the vaiying reports on the frequency of mammary cancer 
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after chronic cystic mastitis aie not clear The character of the follow-up 
may be paitly lesponsible One undesnable featuie is that most of these 
follow-up studies aie incomplete, inasmuch, as only half, or a little more than 
half, of the total of all cases aie successfully tiaced The importance of- 
the length of the follow-up penod has been stiessed by Waiien as well as 
the age of the patient when she came undei obseivation A further omission 
fiom nearly all leports is a statement relative to whether or not the sub- 
sequent cancer developed in the same breast treated by local excision or 
the opposite one Another common omission is in failing to indicate how 
long an interval elapsed between the local excision and the clinical recog- 
nition of cancer 

Statistical follow-up studies have so far not produced conclusive evidence 
that any specific lesion or lesions which are a part of so-called chronic 
cystic mastitis are particularly apt to be followed by cancer Perhaps 
this would be possible if enough material could be followed, but this 
wrnuld require a follow-up gioup of several thousand cases, an endeavor 
of discouraging magnitude Hence, available follow-up studies are, m 
essence, determinations of how frequently mammary cancer developed 
following local surgical excisions for benign, nonsuppurative lesions of assorted 
types We, ourselves, have no such follow-up recoids to report, but we 
have some data that may be regarded as a follow-up in reverse This has 
been done by checking over the series of 300 mammary cancers to determine 
how many of these cases had previous local excisions for nonsuppurative 
benign lesions In so doing, 12 (4 per cent) such cases were found and 
are tabulated in Table XXIII Extending our observations to a larger 
number of cases, it w r as ascertained from the records of 1200 cases of 
operable carcinoma of the breast that 29 (24 per cent) had previously had 
a local excision of breast for a noncancerous, nonsuppurative lesion For 
control purposes the history of previous breast surgery 111 1200 cases of 
cancer in other locations w r as investigated These cases comprised an equiva- 
lent age-group and included cancer of the skin of the head and neck region, 
the uterine corpus and ceivix In these 1260 cases of nonmammary car- 
cinoma only 13 (1 08 per cent) had histories of previous local surgical 
excisions of breast Of further mteiest, is the fact that 29 of the 1200 
cases of carcinoma of- the breast had alieady, at time of admission, had the 
opposite breast removed for caicmoma In the 1200 cases of nonmammary 
cancer, only eight had previously had a radical mastectomy for carcinoma 
Since cases of cancer of the breast have had approximately two and one- 
half times the number of previous local breast operations than have had 
cases of cancer m other locations, theie seems to be a positive lelationship 
between previous breast abnormality and the later development of cancer 
in that organ This, in some measure, implicates “chronic cystic mastitis,” 
since the lesions of this complex are so numerous in the local excisions 
In passing, it is pointed put that the figures just given emphasize the tendency 
of mammary cancer to be a bilateial disease This has been attested to in 
the past by Kilgore,™ and Davis 31 
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Age at Time of 


Cases in which Cancer 

Cases in which Cancer 

Radical Mastectomy 

Age at Time ot 

Developed on Same Side 

Developed in Opposite 

for Cancer 

Local Excision 

of Local Excision 

Breast 

55 

41 

Yes 


55 

52 


Yes 

49 

47 

Yes 


44 

34 


Yes 

45 

33 

Yes 


47 

43 

Yes 


47 

18 

Yes* 

Yes 

49 

49 

Yes 


43 

29 

Yes 


61 

44 


Yes 

65 

39 

Yes 


40 

33 

Yes* 

Yes 

— 

— 

— 

— 

Total 


9 

5 


* Bilateral local excisions in patients who later developed at different dates cancer of each breast 

Table XXIII shows clearly that follow-up studies of five-year and even 
ten-year periods fail to discover many of the cancers that develop after local 
excision, and, thus, Warren’s 28 stress on the importance of length of follow-up 
is repeated In Table XXIII a ten-year follow-up period would have failed 
to show the development of seven of the 12 cancers, giving a percentage 
of 1 7 for later cancer development as opposed to the true figure of 4 per cent 
We get the impression that these latter figures represent possible maximums 
and mimmums, and give some insight as to why various follow-up reports 
of later cancer development are apt to vary in about this range 

The 12 cases in Table XXIII are far too few to allow any conclusion as 
to whether or not any specific lesion present in the local excision was frequent 
enough to suggest that it was of definite precancerous nature, % e , in a 
statistical sense One finding, however, is of particular interest Of the 
12 cancer cases that had previous local excisions, the cancer developed in 
the opposite breast m three instances, and in two other cases bilateral local 
excisions were performed These facts must be borne in mind when one 
weighs prophylactic simple mastectomy as a therapeutic procedure in so- 
called chronic cystic mastitis In these 12 cases where cancer developed 
some time after local surgical excisions, there were five instances in which it 
was anybody’s guess as to which breast should have been removed pro- 
phylactically ” On this basis, if any prophylactic surgical procedures are 
employed, they must be bilateral simple mastectomies, or a large portion 
of the prophylaxis will be lost, since one cannot predict which breast will 
be the site of cancer at a later date The present authors by no means favor 
either unilateral or bilateral prophylactic simple mastectomy as a standard 
form of treatment Part of the reason for this point of view has just been 
discussed Furthermore, if a program of “prophylactic” breast surgery 
were undertaken at the Memorial Hospital alone, it would impose the non- 
radical removal of slightly more than 1000 breasts annually On the basis of 
published estimates already quoted, one year of this aggressive surgery 
would theoretically prevent from 5 to 20 cancers Patients would scarcely 
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elect such a procedure, and were it known that it was contemplated, it is 
likely that many otherwise willing women would be frightened away from 
examining ph}Sicians, and allow their cancers to grow in private It is 
oui belief that women who have had a local excision for a nonsuppurative, 
nonmalignant bieast lesion should be examined at least twice yearly for a 
prolonged penod of yeais, since obseivations made m this study indicate 
that these individuals aie moie subject to mammary cancel than othei groups 
No one debates the desu ability of clinical follow-up examinations of women 
who have had a radical mastectomy foi mammary cancel, and certainly 
a leading leason for this is to observe the opposite breast, the chance of 
cure in recurient 01 metastatic mammal y caicinoma after ladical mastectomy 
is so small as to minimize the piactical impoitance of such a finding, but 
this is not so when a second primal y cancel is found in the opposite breast 
In the 300 mammal y cancers studied here, 14, or 4 7 per cent, had already 
had one breast removed for cancer, and it is certain that othei s will develop 
cancer in the opposite breast These determinations indicate that if one 
advises pi ophylactic mastectomies in “chronic cystic mastitis,” he must, like- 
wise, if he is logical, demand prophylactic removal of the opposite breast in 
any case having a radical mastectomy for cancer From the leports of others 
the impression is gained that simple mastectomy for noncancerous breast 
lesions is performed in othei clinics much more commonly than at Memorial 
Hospital, wheie this procedure is undertaken in less than 2 per cent of 
noncancerous cases The rationale of simple mastectomy in “chronic cystic 
mastitis,” so far as we can ascertain, has not been clearly demonstrated The 
performance of this operation for “chronic cystic mastitis” should be dis- 
carded until specific lesions are proved beyond doubt to be followed by 
cancer in a sufficiently high percentage of cases to warrant the procedure 
Since in our series of 300 radical amputations for breast cancer, 14 of the 
patients had already had the opposite breast removed foi cancer, the follow- 
ing statement is suggested The one most common “precancerous” lesion of 
the left breast is a cancer of the right bi east and vice vei sa 

Present data are not sufficient to determine with exactness the importance 
of so-called chronic cystic mastitis m the over all development of carcinoma 
of the breast Morphologic tracing of early phases of mammary cancer 
implicates the lesions of this complex in exceptional cases, and the soundest 
statistical studies point to some positive relationship Until more fundamental 
knowledge of etiologic factors in both diseases is known, the extent of the 
relationship , cannot be stated 

X — HISTOLOGIC FINDINGS IN BREASTS AFTER ADMINISTRATION 
OF ESTROGENIC SUBSTANCE 

Exhaustive studies have been made of the influence of estrogens on the 
rodent breast A much smaller number has dealt with effects m other species 
including lower primates Some of these have been referred to m previous 
sections, but a full survey is not possible in this communication In reviewing 
many past communications, however, one is impressed by the extreme 
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variability in response of the mammary gland Many potentialities exist and 
are modified by such influences as species, strain, age, amount and duration 
of hormone administration, individual susceptibility and the type of estrogen 
employed It is thought by many that the action of estrogens on the mammary 
gland centeis primarily on the duct system and that piogesterone acts on 
the lobules Not controverting this general belief but illustrating the futility 
of set rules in mammary gland response are observations of Lewis and 
Turner, 32 , who found abundant lobule growth and alveolar secretion m a 
virgin female guinea-pig that received o 25 mg of diethylstilbestrol for 20 
days In a female ovanectomized monkey, Gardner and Van Wagenen 33 
found extensive development of mammary lobules after 136,000 international 
units of hydroxyestrin benzoate, given over a space of 21 5 weeks in weekly 
fractions of 4000-8000 international units These authors did not regard 
the change induced as comparable to a lactatmg breast, but inspection of 
the published photomicrograph reveals structure certainly consistent with 
late gestational hyperplasia It is stated 33 that, in the rabbit, complete lobule 
development requires combined action of estrogen and progesterone Specific 
reference to the foregoing is made here, since in our Case 10, that follows, 
we observed in the breast of a stilbestrol-treated postmenopausal woman 
widespread lobule formation, indistinguishable by us from the lobule pattern 
of lactatmg breast The explanation of structural changes in breasts of 
the human female based on finding analogies m lower vertebrates must be 
treated with prudence, even though these analogies are gathering force 
The problem of whether or not estrogenic substances constitute a possible 
causative agent in the formation of mammary carcinoma in humans has 
been much talked of but little written upon We have been able to discover 
three papers 34 ’ 35> 36 dealing with cases of breast cancer that were recognized 
during or shortly after estrogenic treatment The very paucity of such 
recorded cases is rather indicative of a trivial role, since usage of estrogens 
has been widespread for a number of years In the nine estrogen-treated 
cases that follow herein, five had carcinoma and in one of these patients the 
disease was bilateral At the present time, we prefer not to enter into a 
critical discussion of the merits of these and the three cases already recorded 
Not until more cases are available can a competent analysis be made 
One majoi reason for not attempting analysis of this problem is the lack 
of accurate basic knowledge of the structure of the human female breast 
following treatment with estrogenic hormones Present descriptions are 
few Haagensen and Auchincloss 3 " examined the breast tissue in four cases 
after estrogen treatment From three of these there were adequate amounts 
of tissue One case showed only dilatation of ducts In the other two there 
was “histologic evidence of marked stimulation of epithelium of the breast 
The gland fields were large and numerous There w'ere areas in which small 
ducts multiplied to give the picture of adenosis There w’ere many dilated 
ducts Some formed small cysts filled with amorphous debris Others were 
partly, or entirely, filled with proliferating epithelium The changes re- 
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sembled, in a geneial nay, histologic changes observed m the mammary 
gland of mice aftei tieatment with estiogens ” In a case tieated with theehn, 
Fuedman, Fmklei and Antopol 37 spoke of “moderate proliferation of duct 
buds’' Hoftman 3S studied hi east biopsies m tuo cases before and after 
adnunistiation of Piogynon B The histologic descriptions and photo- 
micrographs m these cases alluded to the pioduction of “chai actenstic 
alterations” m the posttheiapi sections Since the nature of “characteristic” 
breast alterations due to estiogemc influence is still a lmgeimg problem with 
the piesent authois, we were unable to assimilate these conclusions Gesclnck- 
ter c makes bnef mention of having studied breast biopsies from five women 
who had leceived from 25,000 to 100,000 international units of estrone for 
one to two months He lefeis to “extension of the ducts, increase m the 
nurnbei of their lining cells and prolif eiation of periductal stroma” That 
author belie*! ed that these biopsies duplicated the appearance of an adolescent 
breast 

The cases reported below have some points of more than passing interest, 
but, in advance, it is stiessed that u r e believe they offer little that carries 
beyond the range of speculation 

CASEJREPORTS 

Case i — L S, age 41 Patient had a surgical menopause m 1938 Beginning 
in February, 1941, on account of menopausal symptoms, she received injections of theehn, 
10,000 international units at weekly intervals This therapy continued for several months 
and then there was a rest interval of six months Following this the injections were 
lesumed at the same rate and in the same amount as formerly, and these injections 
were continued until February, 1943 

In June, 1942, she noticed pain and a small area of swelling in her left breast 
These symptoms disappeared in a few months, but m January, 1943, she became aware 
of a painless lump in her left breast 

When examined, February 24, 1943, the right breast was described as normal 
In the 3 o’clock axis of the left breast, 10 cm from the nipple, was a rather well- 
defined area of thickening about 2 cm m diameter This was freely movable, not 
attached to skm and thought clinically to be a fibro-adenoma 

On February 25, 1943, local excision of the above mentioned area in the left 
breast was undertaken 

Gioss Examination — Specimen measured 6 cm m greatest diameter, and, on section, 
was composed principally of fat m which there were broad fibrous bands of breast 
tissue which contained no localized tumor, cyst or papillaiy lesion 

Mtaoscopic Examination — Duct system not remaikable Lobules moderately 
numerous In general, the acini are few in number and quite small In other areas, 
however, they are somewhat more numerous, of larger dimension, and show graded 
transitional stages of apocrine metaplasia Mitoses not present Many acini are collapsed 
but others have patent lumma and contain nongranular material which stains bright 
pink to grayish-blue Hyaline membranes not seen about acini Duct papillomatosis, 
blunt duct adenosis, sclerosing adenosis not present 

Comment — None of the above findings may be considered unusual in 
a breast five yeais beyond the menopause, with the possible exception that 
more lobular integrity was present than m the average case this far beyond 
the menopause Tiansition phases m apocrine metaplasia will bear mention 
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Case 2 — J C , age 47 This patient’s menopause occurred in the summer of 1942 
Substitution therapy was instituted in September, 1943, and over a period of two 
months she received 12 injections of estromone, each of 10,000 international units 
After this she received two injections per month, each of 10,000 international units, 
until January, 1944 During this course of therapy she had no subjective symptoms 
related to her breasts On December 25, 1943, she accidentally discovered a lump m 
her right breast 

On examination, January 3, I 944 > the left breast showed no significant findings In 
the upper outer quadrant of the right breast was a deeply lying, freely movable mass, 
measuring about 4 x 2 x 2 cm Clinically, it was thought to be a fibro-adenoma or a 
cyst Local excision was undei taken on January 5, 1944 

Gross Examination — Specimen measured 8 x 6,5 x 3 5 cm Eccentrically located 
was a 3 cm egg-shaped, delicately encapsulated fibro-adenoma which was soft and 
slightly edematous Cut-surface lacked an intracanalicular appearance, and there seemed 
to be relatively little epithelial component Adjacent breast tissue appeared diffusely 
fibrous with slight fat content Six small cysts were present, 2-8 Mm in diameter 
Lobules appeared rather indistinct and small 

Mtcioscopic Examination — Sections of the mass itself showed it to be almost 
diffusely fibrous, with its bulk made up of partly hyalimzed fibrosis and partly with 
more cellular connective tissue Epithelial components were very few m number, made 
up of moderately dilated, inactive looking mammary ducts The tumor scarcely repre- 
sented a fibro-adenoma in the true sense of the word and might be more properly 
interpreted as fibro-adenomatoid mastopathy In the surrounding breast tissue were 
moderate numbers of mammary lobules None of these had a characteristic cyclic 
pattern Many showed old lobular sclerosing adenosis Others appeared as expected 
in a postmenopausal breast, varying stages of atrophy being present One large lobule 
had frequent component parts and appeared in an early stage of apocrine transition 
There were several areas of blunt duct adenosis which appeared in early phase and quite 
active, with considerable papillary hyperplasia of lining epithelium In addition, there 
was slight papillomatosis in other ducts which did not appear to be newly formed 

Commlnt — Perhaps the occurrence of relatively early blunt duct adenosis, 
with papillary hyperplasia should be mentioned Again, the occurrence of 
early transitional stage in apocrine metaplasia should be noted 

Case 3 — -V S , age 30 In early December, 1939, she noted a lump in her right 
breast She went at once to her family physician who gave her injections of theelin, 
2,500 international units, three times per week for several weeks This caused no 
local change in her breast and the dosage was increased to 10,000 international units 
three times per week for several more weeks Again, there was no change note 

locally, but a lump appeared in the right axilla 

When examined, February 27, 1940, in the central portion of the breast was a 
firm, irregular mass 5 x 5 x 3 cm , firmly attached to skin The axilla contame a 
hard 2 cm mass 

Radical mastectomy was undertaken, February 28, 1940 

Gross Examination — In summary, there was a firm infiltrating mammary carcinoma 
4 x 3 x 2 5 cm , which had no unusual characters Surrounding breast tissue containe 
little fat The lobules seemed more abundant than usual, in some areas suggesting lr 
regular overgrowth No gross cystic or papillary lesions 

Microscopic Examination — Sections of the cancer showed a fully malignant, ce u ar 
infiltrating duct carcinoma, Grade III No unusual or unexpected pathologic changes were 
noted which had not been seen on innumerable other occasions Multiple ax 1 ary n es 
were involved Mammary lobules were numerous, of uniform pattern, an e on y 
abnormalities present we e those referrable to pressure and distortion due to con mui y 
with tumor The breast tissue contained no noncancerous proliferative lesion 
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Comment — No significant findings m the breast tissue 

Case 4 — C D , age 39 In 1934, a clinical diagnosis of chronic mastitis was made 
No specific treatment was given until September, 1939 At this time, her left breast 
became firm, enlarged and tender She was treated for several months with injections 
of theehn, 100,000 international units per month Her symptoms were alleviated, and 
her breasts became equal m size by March, 1940 At this time, the left breast contained 
transillunnnatable lumps Hormone therapy was discontinued In July, 1940, her left 
breast became smallei than the right and quite firm Another course of theehn injections 
was given, 200,000 international units in four injections Last injection was given 
on August 21, 1940 

When examined, September 12, 1940, a large, fixed mass occupied most of the left 
breast Tumor was attached to skin 

Radical mastectomy was undertaken, September 17, 1940 

Gross Examination — Most of the breast tissue was replaced by infiltrating tumor 
That which remained was largely fatty No gross lesions observed except the cancer 
Multiple axillary nodes involved 

Mto oscopic Examination — No cytologic features of note were found in sections 
of the tumor In the remaining breast tissue there were few lobules, and these showed 
retrogressive atiophic changes The only noteworthy lesion in the breast tissue was one 
area of blunt duct adenosis, the growth-pattern of which indicated an earlier than usual 
phase 

Comment — Note again the chaiactei of the blunt duct adenosis 

Case 5 — H H, age 55 In October, 1943, she noted a lump m her right breast 
Two months prior to this her breasts had been examined and no mass had been palpated 
The lump was painful for a time but this subsided 

Patient’s menopause occurred m early 1941 Substitution therapy was begun m 
January, 1941 Between that date and May, 1941, she received 10,000 international 
units of theehn every two weeks From June, 1941, until October, 1943, she took 
tablets of stilbestrol by mouth These totalled 175, each o 5 mg From October, 1943, 
until late February, 1944, she took one of these tablets daily 

Examination, February 28, 1944, revealed moderately large, shotty breasts In 
the right breast an indefinite mass, about 2 cm in diameter, was felt adjacent to the 
areolar border in the xx o’clock axis There were no secondary skin changes and no 
deep fixation 

On February 29, 1944, the above mass was suigically excised 

Gross Examination — Specimen measured 6 x 4 x 3 cm, and was tough and fibrous 
On section, were a few scattered cysts, the largest not over 1 cm in diameter. No 
other visible abnormality 

Microscopic Examination — Breast tissue fibrous except for very small amount of 
fat Small C3sts had no residual lining Ducts and lobules, particularly the latter, were 
greatly reduced in number Some lobules showed atypical epithelial hyperplasia, and a 
few had the characteristic appearance of lobular carcinoma in situ A few foci of apocrine 
epithelium were seen 

Comment — Presence of a rare lesion, lobular carcinoma m situ, is 
noteworthy but justified no conclusion Apocrine metaplasia again present 
If hormone produced any alteration in this breast the effects were extremely 
focal, since the organ as a whole was very atrophic Evidence of regenerating 
ducts and lobules was not found 
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Case 6 — A S , age 48 In 1939, an hysterectomy was performed In October, 
1941, stilbestrol therapy was commenced She received injections of 1 mg every other 
day, without interruption, for two years This therapy was terminated October 20, 1943 
The patient thought that she first noticed a lump in her left' breast in October, 1942 She 
was not certain of the exact time 'of onset, but believed that the lump alternately would 
disappear and reappear She had no subjective symptoms referable to her breasts In 
September, 1943, she noted puckering of the skm in the region where she had noted 
the lump 

When examined, October 19, 1943, the skm in the upper outer quadrant was dimpled, 
and there was an underlying 4 cm -tumor which was firm, irregular and partly fixed 

Radical mastectomy was performed, October 29, 1943 

Gross Examination — The breast contained a typical infiltrating scirrhous carcinoma, 

2 5 cm in diameter The breast tissue was more fatty than fibrous and contained many 
small cysts, the largest about 3 Mm in diameter There were no other gross lesions 
The mammary lobules were inconspicuous 

Micioscopic Examination — The tumor itself was characteristic infiltrating duct 
carcinoma There was extensive mtramammary lymphatic invasion, and one axillary 
node contained metastatic tumor The mammary lobules were very few in number 
Those present showed changes secondary to the presence of the tumor and obstruction 
of ducts Here and there was slight piling-up of the duct epithelium, and m one area 
distinct but slight papillomatosis Multiple foci of apocrine metaplasia were present, 
and there were occasional scattered foci of blunt duct adenosis of slight degree and of 
intermediate phase 

Comment — No microscopic findings of note 

Case 7 — A G , age 38 For one year this patient had noted “tingling and drawing 
sensations” in her left breast For a similar period she had been aware of a palpable 
lump in the lateral portion of the left breast A somewhat more recent development was 
premenstrual breast tenderness, more apparent on the left than right 

When examined, February 13, 1941, there was a smooth, rounded nodule, about 

3 cm m diameter, in the lower outer quadrant of the left breast 

On April 21, 1941, Progynon B injections were commenced Two injections were 
gnen weekly, each 6000 rat units Six such injections were administered Just at the 
conclusion of this therapj it was thought that the lump in the left breast was somewhat 
smaller and softer Following the hormone therapy her menses were delayed for three 
weeks The apparent alteration in character of the lump in the breast was temporarj , 
and it regained its former character, remaining essentially unchanged On October 9, 
1941, an endometrial biopsy was done, which showed a normal premenstrual pattern 
On October 16, 1941, Progynon B injections were again started and were given in 
6000 rat units quantities twice weekly until ten injections had been administered n 
November 17, 1941, another endometrial biopsy was taken, and this showed higi> 
typical glandular and cystic endometrial hyperplasia 

Local excision of the lump in the left breast was undertaken, November 19, 194* 

Gross Examination — Excised specimen measured 5 5 x 2 crn ^ con t ain ^ 

encapsulated, intracanalicular fibro-adenoma, 2 5 cm in diameter This was ree j 
movable in its bed Adjacent breast tissue was almost entirely fibrous in c aractei, 
and the lobules were inconspicuous No gross lesions seen such as cysts or papillomas 

Microscopic Examination — Sections of the fibro-adenoma were not lmpressne ic 
canalicular epithelial channels contained very orderly inactive-looking lining epithe lum 
They were surrounded by connective tissue which, immediately around the epit e 1a 
canals, was arranged in an edematous halo-like fashion, such as is commonly seen in 
gynecomastia The cellularity of the connective tissue varied from almost lja me 
to moderately cellular In the breast tissue the lobules were rather numerous, an 
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they taried fiom small to moderate m size Lobules not homogeneous m structure, 
An occasional lobule showed old sclerosing adenosis A fair number of the terminal 
ducts showed distinct but not marked stratification hyperplasia of lining epithelium 
Some of the mammary ducts were putting out end buds but not forming true lobules 
There was one distinct area of blunt duct adenosis in a distinctly early proliferative 
phase Now and then, a lobule was found with changes suggesting very early sclerosing 
adenosis Some of the acinar lumma contained pinkish or grayish-pmk secretory 
material , others contained acini with collapsed lumina No lobules seen that were 
distinctly characteristic of a secretory phase of the menstrual cycle 

Comment — Although tlieie was no uniform alteiation in either the fibio- 
adenoma 01 adjacent breast tissue, mention is made of the appearance of 
the earlier phases of both blunt duct adenosis and scleiosmg adenosis This 
may be of some speculative interest, inasmuch, as estiogemc therapy had 
been begun only about six weeks before the breast matenal was obtained 
Her previous estrogenic therapy had been completed about six months before, 
and was not as great m amount as the later cycle of hormone therapy 

Case 8 — M M, age 39 In 1933, when she was 29 years old, this patient had 
? pehic operation, following which her menstrual periods became irregular and 
scanty For an indefinite period of years she had noted swelling of her breasts and pain 
just before menstruation In October, 1941, estrogenic therapy w r as begun, and she 
lecened 10,000 international units of theelin weekly, and continuously", until October, 
1943 In October, 1943, her family physician noted a lump m her left breast During 
the period of hormone therapy the palient had no new" subjective breast symptoms No 
statement as to whether her premenstrual tension w r as increased or decreased 

When examined, October 19, 1943, there w’as a cystic mass, about 4 cm in diameter, 
located in the upper outer quadrant of the left breast 3 cm from the nipple This 
mass was not fixed and there were no skm changes 

Mass in the left breast w-as surgically excised, October 29, 1943 
Gross Examination — Specimen measured 6 x 5 x 4 cm There was a 3-cm smooth 
thm-w ailed cyst, contents of which had been evacuated Surrounding breast tissue w r as 
diffusely fibrous and contained occasional cysts which varied from 1-2 Mm in diametei 
No other gross lesion w r as seen The mammary lobules appeared rather small and sparse 
Mtci oscopic Examination — Lobules adjacent to the cyst wall show'ed expected 
secondary alterations Lobules and ducts relatively few" m number Scattered areas 
ot slight papillary hyperplasia m small and terminal ducts Most definite abnormaliti 
present was blunt duct adenosis Recent proliferative phases of this lesion as well 
as intermediate ones w r ere seen One minute focus of sclerosing adenosis was found, 
not m florid phase A good many ducts had end-buds, which did not form lobules, and 
yet did not approach blunt duct adenosis 

Case 9 — P N, age 20 In No\ ember, 1940, this patient began to have inter- 
mittent pain in the upper outer quadrant of the right breast For several months this 
seemed to occur just before and during her menses For four months prior to 
November, 1941, however, the pain w r as more intense, more frequent, and not related to 
menstruation She had no other breast symptoms 

When examined, December x, 1941, close to the aerola m the upper outer quadrant 
of the right breast w r as a slightly irregular area of firmness, measuring about 4 x 3 x 2 cm 
This area of induration w r as fairly well-demarcated Several centimeters medial to this 
region w'as a discrete area, 1 cm m diameter, which felt cystic 

The patient w 7 as examined periodically over a period of about ix months, with 
essentially similar palpable findings. On November 9, 1942, she was given injections 
of testosterone propionate two times per w r eek, m single 25 mg doses A total of 16 
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injections were administered, the last on January 5, 1943 The patient’s last menstrual 
period began on December 29, 1943, and was described as normal Toward the end 
of the testosterone therapy the lump in the upper outer quadrant was thought to become 
softer but did not disappear 

Local excision was undertaken, January 13, 1943 

Gross Examination — The excised specimen measured 9 x 7 x 2 cm It was more 
or less homogeneous in appearance, with no definitely localized lesion The breast 
tissue was diffusely fibrous, and on the cut-surfaces were small numbers of rather small, 
glistening, slightly moist lobules No gioss cystic or papillary lesion was seen 

Mici oscoptc Examination — The chief feature of the microscopic examination was 
the difficulty m detecting a distinct abnormality The frequence of the mammary lobules 
was decidedly reduced but not remarkable The mammary ducts were correspondingly 
few Nowhere in the sections was there any evidenc of an unusual degree of atrophy, 
such as faded landmarks of lobules formerly present If one predicted from the lobule 
structure the phase of the menstrual cycle at time of operation, it would be placed 
in an early secretory phase Specifically present were mitoses in the acinar epithelium 
by no means difficult to find Nothing of note was seen in the breast stroma 

Comment — This case is briefly recorded so as to present essentially 
negative findings after specific hormone therapy We have only one other 
case treated with testosterone in which sections of the breast are available 
This case was that of a young woman who received quite large amounts of 
testosterone for a considerably longer period of time than the preceding case 
The second case did have extremely atrophic breasts, but was a doubtful object 
for companson, inasmuch, as the bieast tissue was secured post-mortem in a 
patient with extreme cachexia from extraordinarily generalized osseous and 
other metastatic mammary cancer 

Case 10 — B R, age 42 In May, 1943, the patient noticed a lump m her left 
breast This was accidentally discovered, and was asymptomatic No other breast 
symptoms 

The patient was known to have bilateral polycystic kidneys, with hypertension, 
moderate renal insufficiency, and multiple episodes of hematuria 

Her menopause occurred in 1939 Stilbestrol therapy was begun, October 29, 194 2 
1 he daily dose ranged from o 1-1 mg Treatment was continuous and lasted through the 
time of the surgical procedures to be mentioned below Between October 29, I94 2 > 
and October 14, 1943, patient received 131 2 m S °f stilbestrol During this time 
there was no uterine bleeding 

On examination, July 23, 1943, there was a 3 x 2 cm nodule at the 6 oc oc ra ins 
of the left breast This was irregular and hard Right breast was described as norma 
No specific statement as to the consistency of the breast tissue in either breast 
On October 15, 1943, left radical mastectomy was undertaken 
Gross Examination — The breast contained a 2-cm infiltrating carcinoma, o not 
unusual type The breast tissue, however, was most remarkably altered Its composi 
tion throughout was more or less similar, but not entirely uniform, since there were 
two large, not well-demarcated portions about 6 cm and 4 cm , respectively, m grea es 
diameter These areas bulged slightly on section, but were not encapsulated and merged 
rather imperceptibly with the remaining adjacent breast tissue The expose sur aces 
were extremely cellular, due to innumerable lobular units which varied rom one mi 1 
meter to several millimeters in diameter These lobular members were \ery c ose : > 
aggregated in the two large areas noted above, but were also present elsew ere in e 
breast in smaller number The predominantly epithelial nature of these sma a " 
larger lobulations was obvious, and their cut-surfaces, which were grayis -w 1 e o 
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grayish-pink, were slightly elevated Occasional fine granular streaks were seen in 
these areas 

Mic7oscopic Examination — The tumor was a cellular medullary infiltrating duct 
carcinoma, Grade II, composed of large cells growing in plexiform sheets No unusual 
cytologic change was detected in the tumor Sections were taken from all portions 

Fig 44 



Fig 45 

Fig 44 — Lobule with structure indistinguishable from those 
of lactating breast Patient postmenopausal Received stilbestrol 
therapy (See Case io m text for details Figures 44 through 47 
are from the same breast ) 

Fig 45 — Similar to Figure 44, but showing exaggerated 
secretory structural pattern At rare points cytoplasm becoming 
famt pink 

of the breast tissue, and these varied, one from the other, only m trifling degree The 
composite structural pattern presented was unique and remarkable in degree, if not 
in kind — one not duplicated in thousands of mammary glands previously seen at this 
hospital No segment of the breast was free from alteration Here and there were 
scattered lobules without noteworthy configuration These were exceptional Almost 
everywhere would be met foci of sclerosing adenosis in florid phase Merging with, 
and adjacent to, such lesions was much blunt duct adenosis in pronouncedly early 
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several times before sufficient material is available to point out trends in 
lesion types 

In the present case there is one factor of possible consequence in the action 
of the stilbestrol that the patient received, namely, the presence of renal 
insufficiency due to polycystic kidneys Perhaps with a deficient renal mechan- 
ism the excretion of this substance was retarded,' and there was a resultant 
enhancement of action The total amount of stilbestrol received over a 
period of one year m this case was not excessive 

In connection with this case we refer briefly to a recent publication of 
Engle, Krakower and Haagensen , 39 describing the results of intensive and 
sustained estrogenic administration to mature female monkeys In their 
experiments the moiphologic effects on the uterus, including glandular and 
cystic hyperplasia, far ovei shadowed any of the findings described in the 
breast Another hit of evidence of threshold influence in mammary response 
is cited in the commonly unilateral nature of gynecomastia Allen 40 found 
in male mice treated with estiogens that some of the mammary rudiments did 
not respond while otheis in the same animal did The varied responses m 
mammary glands of diffeient species are impressive Since the breast tissue 
from the left radical mastectomy in Case io contained many areas structurally 
like late gestational 01 lactating breast, a lecent experiment of Reece 41 is of 
interest By injecting diethylstilbestrol propionate he was able to induce 
full milk flow in sterile heifers 

Additional Note on Case 10 This patient’s left ladical mastectomy was undertaken 
on October IS, 1943 The stilbestrol therapy had been discontinued, October 7, 1943 
O11 follow-up examination January 27, 1944, a one-centimeter mass was felt m the 
right breast , Aspiration biopsy was done and was reported as carcinoma On account 
of the patient’s generally poor physical condition, a modified mastectomy was performed, 
February 24, 1944 

Dissection of the operative specimen revealed a characteristic infiltrating carcinoma, 

2 5 cm m diameter This had every gross feature of a new primary lesion In the 
fibrous bieast tissue there were multiple lobulated areas resembling sclerosing adenosis 
No cysts or duct papillomata were seen 

Sections from the tumor disclosed a cellular growth-pattern, with large cells that 
had relatively abundant cytoplasm At many areas m the tumor the cytoplasm was pale 
pmk and sometimes finely granular, with more than casual resemblance to apocrine 
epithelium The structure of this breast tissue showed many traits in common with 
that seen in sections of the left breast Every lesion seen in the left breast was also 
observed in the right breast The abnormalities were very widespread Quantitative 
differences were apparent One chief difference was considerable reduction in amount 
of tissue resembling lactating breast Apocrine metaplasia was more in evidence 
All transitional stages were represented Papillomatosis in small ducts was more 
marked and had more atypical features Sclerosing adenosis was more extensive and 
continued to be m florid phase Actively proliferating blunt duct adenosis was present 
at multiple foci, and there were occasional intermediate phases of this change Of interest 
was the fact that in the second breast mitotic actmtv, though not prominent, was more 
frequent in the abnormal lobular proliferations than was found m the preceding 
bieast In summarv, comparison of these two breasts, sections from the second mas- 
tectonn re\ ealed diminution of the lactation-like areas with moderate other pro- 
liferatne phenomena 
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Comment — Even though a second primary tumor developed m this 
case, it is still not easy to attribute its causation to hormone therapy. The 
tumor. 2 5 cm m diameter, was not a small one It would appear safei 
to assume clinical oversight m the recognition of the tumor rather than 
to believe that no tumor was present when this patient was first examined 
m Jul), 1943, and at later visits Just prior to the second mastectomy the 
tumoi was described clinically as being one centimeter m diameter The 
meie fact that it was 25 times this large forces one to suspect that the 
tumoi was piesent long befoie detected In view of preceding discussion, 
the resemblance of the cancer cells in many areas to apocrine epithelium 
is mentioned Pink-staining quality was lacking in the cytoplasm of the 
cells of the initial tumor, but with this exception the cells m the two cases 
weie comparable 

Whethei, or not, the light bieast tissue was stiucturally more like that 
of the left bieast thiee months pnor to the light mastectomy is, of course, 
impossible to say To be sure, fundamentally, the same group of lesions was 
piesent in each bieast with certain differences m degiee as outlined above 
Piesent observations are not sufficient to be sure that withdrawal of the 
hoimone was followed by partial involution of the secretory looking areas 
Nor is it possible to state that the more abundant apocrine epithelium found 
m the second bieast lepresented a metaplastic by-product in such an 
imolutibnal process Other lesions including sclerosing adenosis, blunt 
duct adenosis and papillomatosis exhibited no legressive tendency 111 sections 
of the second mastectomy No great importance attaches to this, however, 
ioi theie is good reason to believe that they may maintain a flond or active 
phase for long periods of time 

At most, this rather unique case furnishes guidance for futuie obseiva- 
tions A single case is not crucial, but a modest number of even less sti iking 
examples w T ould reinforce a positive point of view, not only for the causation 
of certain noncancerous lesions by administration of estrogenic substances, 
but the modification of certain lesions followung withdrawal 

In summary, the breast tissue from nine cases treated with estiogenic 
substances has been examined The structural characters of these breasts 
were not sufficiently specific to constitute a distinct pathologic complex 
Similarities as w T ell as dissimilarities w^ere present Changes of kind and 
degree were found One case was regarded as highly exceptional Some 
suggestion of trends may be proposed such as the finding m several cases 
of earlier phases of blunt duct adenosis, sclerosing adenosis and apocrine 
metaplasia The occurrence m one case of lobular carcinoma in situ calls 
for continued attention to this lesion Over a long period of time enough 
material may accumulate to support or reject whatever point of view one 
now r chooses The pleomorphic character of various responses of the mammary 
gland may in the future be largely explained on a basis of individual sus- 
ceptibility and reactivity 
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CONCLUSIONS 

1 Atrophy of the breast as judged by the numbei of lobules present 
depends upon the factor of age, and does not diffei in cancerous vetsus 
noncancerous breasts 

2 Macroscopic cysts ate much commoner m noncancerous breasts, pai- 
ticularly in women between 40 and 50 years of age During this penod 
they aie least common in cancer-containing breasts 

3 No distinct diffei ence in the frequency and extent of duct papillomatosis 
is found in cancel ous and noncancerous breasts Macioscopic papillomas 
aie somewhat more common m noncancerous bi easts Cancer-contaming 
breasts aie about five tunes as apt to show papillomatosis which is cytologically 
atypical 

4 Every tiansition from atypical papillomatosis to duct cancel can be 
traced microscopically, such phases being demonstrable on occasion m a 
single breast 

5 Blunt duct adenosis appears to be a common precursor to cyst forma- 
tion I11 cancel ous breasts between the fourth and fifth decades blunt duct 
adenosis is the most common, and cysts are comparatively few, indicating 111 
this class of breasts, that blunt duct adenosis tends to retain its proliferative 
capacity 

6 The oiigm of mammary cancel can be tiaced histologically to blunt 
duct adenosis 111 only a very few cases 

7 Apocnne epithelium is common m both cancerous and noncancerous 
breasts, and of not pronouncedly different character Rare cases of raammarj 
cancer can be traced to this source 

8 Sclerosing adenosis in cancerous as opposed to noncancerous breasts 
shows no outstanding differences The early or “florid” phase is more 
common 111 younger women, but can be observed as late as the sixth decade 

9 The triad of lesions including stasis of duct content, duct dilatation 
and periductal mastitis exhibits similar traits in both cancer and noncancer- 
contaimng bi easts No evidence was obtained that they furnish a starting 
point foi development of mammary carcinoma 

10 Two forms of periductal mastitis can be distinguished -primary and 

secondary The latter is more common 

11 Structural abnormalities of the mammary lobules are described 
These can be separated into two groups referred to as primary and secondary 
lobular alteration 

12 Intralobular hyperplasia of pathologic type can be shown in some 
cases to merge gradually with lobular mammary carcinoma vn situ 

13 Evidence is presented that the true component parts of chronic 
cystic mastitis” should include (1) cysts, (2) duct papillomatosis, (3) bunt 
duct adenosis, (4) apocrine epithelium, and (5) sclerosing adenosis Per- 
haps a sixth lesion, primary lobular alteration, may be included Fibro 
adenoma is excluded 

14 Estimations of the frequency of so-called chronic cystic mastitis 
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depend upon what and how many lesions aie deemed essential in making 
that diagnosis 

15 Statistical and moiphologic studies indicate that chiomc cystic mastitis 
does pla) a iole in the development of human bieast cancer How laige 
this is we cannot state Oui studies suggest that its pait consists largely 
m those papillary hypei plasias which in some individuals, foi reasons unknown, 
become cytologically atypical In othei words, some people cannot handle 
the hyperplasias which to othei s seem controllable and innocuous. 

16 The pathologic findings 111 breasts from nine women treated with 
estrogenic substances aie lecorded In one case remarkable structural 
featuies veie present and these weie fully discussed 

17 The failuie of the bi east tissue to respond unifprinly to administration 
of hormone may depend upon individual diffei ences in susceptibility Thresh- 
olds of reactivity may vary through a broad lange Judged by the few cases 
available for study to date, wherein, with one notable exception treatment 
by estrogens has produced no noteworthy specific alteration m breast struc- 
ture, one can at least say that no progressive series of changes beginning 
with a normal breast and ending with mammary cancer has been encountered 
In the exceptional case, whereas, hormone alteiations were, indeed, profound, 
there were reasons to doubt their significance in the production of the cancer 
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STUDIES IN SURGICAL CONVALESCENCE* 

II. A PRELIMINARY STUDY OF THE NITROGEN LOSS IN EXUDATES 

iN SURGICAL CONDITIONS 
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FROM THE LU30RVT0RY OF EXPERIMENTAL SURGERY AND THE DEPARTMENT Or SURGERY, NYU 
COLLEGE OF MEDICINE, AND THE NEW YORK DIVISION OF SURGERY, BELLEVUE HOSPITAL, NEW YORK, N Y 

This report, an outgiowth of studies on the nitrogen balance in suigical 
conditions, lepiesents an attempt, quantitatively, to determine how much 
body proteins in the foim of nitrogen is lost in the exudates of exudative 
surgical conditions The values are random ones, and are lepoited out of 
then case-setting because, in many cases, they aie of such magnitude as to 
be of importance to the piacticing suigeon It is apparent that unless large 
losses are replaced by special measuies of alimentation, recovery from these 
conditions will be retarded oi even jeopaidized 

Thnteen cases, typifying four suigical conditions are included in this 
report They are (i) Sui face bums , (2) avulsion, (3) seepage from areas 
of extensive surgical dissection, both infected and uninfected, and (4) local 
infective conditions, such as lung and hvei abscess 

METHODS 

A numbei of difficulties attend the collection of mateiial from an actively 
exuding surface Surgical gauze dressings do not lend themselves to this 
purpose quantitatively because their retentive capacity is small, resulting in 
an overflow which seeps through into the bedding Moreover, gauze is dif- 
ficult to dissolve, sometimes taking as long as a month to six weeks to 
auain complete solution in sulfuric acid Accordingly, in only three 
cases was gauze used In ten, the following method of exudate collection 
was followed Slabs of fine cellulose sponge (Du Pont) 025 x 10x5 inches 
were rendered nitrogen-free, by soaking them first in tap water foi at least 
12 hours and then rinsing them m distilled water three times After drying 
at room temperature for about 24 hours, they were wrapped in cloth and 
sterilized m the autoclave Before being applied to the exuding surface, they 
were moistened with physiologic saline solution After application, the slab 
was covered with cellophane of medium thickness, extending beyond the 
edges of the sponge for about five inches, 1 e , far enough to prevent seepage 

* The work described in this paper was done under a contract recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and New York University, and read in abstract form before the Committee 
on Convalescence on Rehabilitation, November 26, 1943 

t Professor of Clinical Surgery, NYU College of Medicine Now Lt Col M C , 
USA 
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of the exudate beyond the edges of the covei This sponge was usually left 
m contact with the exuding suiface for from 24 to 48 hours At the end of 
this period, it was transferred to dilute sulfuric acid foi digestion Both 
the cellophane covering and the skin beyond the exuding surface were wiped 
with pieces of moistened cellulose sponge, which were, likewise, placed in 
the sulfuric acid togethei with the sponge-dressings It took about a week 
to bring the sponge into complete solution, after which an aliquot part was 
taken for nitrogen determination according to the method of Levy and 
Palmer 1 


RESULTS 

Table I summarizes all the 13 cases, with columns showing the nitrogen 
loss in terms of proteins and cubic centimeters of plasma 

Table II is a rearrangement of the cases of burns listed in Table I, in the 
order of the percentages of body surface involved F W was listed twice 
in the table and J Me three times, because their exudates were collected, 
one, twice, and the other, three times at different age-penods of the burns 
There seems to be a rough parallelism between the percentage of body surface 
involved and the magnitude of nitrogen loss However, other factors enter 
here to modify the picture, namely, how much of the wound is involved in 
second and how much in thn d degree burns , and how r much tissue has been 
converted into an eschar, which would seal off exudation until it is sloughed 
off Thus, while J Me , whose burns w^ere mostly second degree, show r ed 
a progressive decline in the magnitude of nitrogen loss as the burned area 
aged, F W showed a small loss of 1 58 Gm on the eighth day, when the 
burned area covered only 10 per cent, wdule on the fortieth day, when the 
burned area covered only 8 per cent, it was 4 07 Gm J Me had a burn 
w’hich was not covei ed by an eschar, while F W ’s burn was The figures 
for M W and A F were, respectively, 6 45 Gm and 9 17 Gm , repre- 
senting 40 per cent of exuding surface on the ninety-fourth day and 50 per 
cent on the fourth day, respectively, were minimum figures since gauze was 
used for collection These figures merely signified that at least this amount 
of nitrogen loss was sustained 

J Me ’s figures suggested the possibility of an attempt on the part of the 
body to reduce nitrogen loss as the wound aged The values of Hirschfeld, 
and his coworkers 2 seem to confirm this tendency However, as mentioned 
before, this tendency would be modified by the presence of an eschar, and 
perhaps by other factors to be mentioned later 

Polar planimetry was performed on four of these cases in order to deter- 
mine the nitrogen loss per unit area The loss ranged from 1 25 mg on the 
sixth post-burn day, in J S , to 2 95 mg for the tenth day in F W , and 
3 28 mg for the twelfth day 111 J W 

S S is an example of the second type He suffered an extensive avulsion 
of the back, buttocks and perineum The skin surface was infected and the 
exudate was of a seropurulent character His loss of nitrogen was 637 Gm 
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Table II 


CASES Or BURNS REARRANGED ACCORDINC TO PERCENTAGE OF B0D1 SURFACE INVOLt I D 




Body Surface 

Age of Burns 

Nitrogen Loss 


Name 

Burned 

(Days) 

(Gm) 

1 

F W 

8% 

40 

4 07 

2 

F W 

10 % 

8 

1 58 

3 

J Me 

15% 

21 

2 98 

4 

J W 

15% 

23 

1 7 65 

5 

J s 

15% 

4 

1 79 

6 

A B 

20% 

2 

1 5 

7 

J Me 

21% 

15 i 

3 56 

8 

J Me 

30% 

6 ' 

5 IS 

9 

M W 

40% 

94 

6 45 

10 

A F 

50% 

4 

9 07 


on the ioSth day after injury, repiesentmg 2 1 mg of nitrogen loss per 
sq cm of raw surface, equivalent to 39 2 Gm of protein, or 654 cc 
of plasma This patient was kept in excellent nutritional condition and 
gained weight in spite of the nitrogen loss, which must have been of con- 
siderably larger magnitude during the earlier course of his convalescence 
The third type consisted of two conditions m which, as a lesult of 
extensive dissection, areas of raw exuding surface had been exposed In 
R W , a radical mastectomy was performed, the exudation of nitrogen in 
the blood-tinged fluid was 4 26 Gm during the first 24 hours, dwindling 
down to 1 2 Gm aftei four days, a decrease of approximately one-third of 
the original value A G was a case of abdommo-penneal resection 
for carcinoma of the rectum The exudate in the first 24 hours contained 
6 22 Gm of nitrogen, dwindling down to 2 07 Gm on the third day, which 
was less than half of its original value The values in these two cases 
suggest a tendency 111 clean operative wounds to rapidly seal off exuding points 
On the othei hand, infected operative surfaces cannot be expected to 
reduce exudation as promptly This seems to be true of O Me , who was 
also a case of abdommo-penneal lesection, fianldy infected, the infected 
area having been diamed secondarily, nine days postoperatively Here the 
nitrogen exudation was 6 97 Gm the day aftei drainage was instituted, 
decreasing to 347 Gm in fi\e days H L was a case of liver abscess, 
48 hours atter drainage was instituted, and F C a case of lung abscess 
with secondary pyothorax Since gauze was used for the collection in this 
last case, this loss of 9 57 Gm of nitrogen is also a minimal figure 
- Discussion — The protein loss in the exudates in burns and other surgical 
conditions has not atti acted serious clinical attention until recently Lucido, 5 
in his metabolic study of one case of burn, to our knowledge the first one 
to be attempted, recognized the incompleteness of the study when the nitrogen 
lost in the exudate could not be determined The report of Taylor’s group 4 
on the difficulty of maintaining nutntion in the cases of burns involving over 
10 per cent of body surface suggests the importance of undertaking such a 
study Hirschfeld and his group have made a promising beginning, intro- 
ducing a practical method of collection Unfortunately, only one of their 
cases had extensive burns (35 per cent), the others involving only from 
3 to 5 per cent of body surface The report of Co Tui’s group 5 on the 
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compai ative ease w ith which cases of extensive burns may be kept m good 
nutntion and at a fanly noimal plasma level by hypei alimentation with 
ammo-acid mixtuies (Amigen) suggests a way of adequately meeting the 
need foi the laige amount of piotem leplacement sometimes impossible to 
effect by feeding natural food These last authoi s also used polar planimetry 
m older to deteimme quantitatively the loss per unit area 

If the variability of the piotem content lepoited m the literatuie on blister 
fluid is an indication, the amount of piotem lost in the exudate would be 
expected to vaiy within a fairly wide range Thus, Morner, 6 in 1895, 
lepoited the piotem content of the blister fluid in one case of bums as 5 Gm 
per cent Wells, 7 in 1925, reported the range as between 4 to 6 5 Gm pei 
cent, while Mclvei s gave a finding of 3 7 Gm per cent Both Wells and 
Pack 9 commented on this variability, the lattei stating “Blistei fluid may 
be an exudate 01 a transudate, depending upon the degree of irritation 
With more intense nutation, the capillary peimeabihty is so altered that the 
fluid lesembles plasma, rathei than serum A cleai serum within the blebs 
becomes cloudy in 24 houis ” This clouding, in all probability, is caused by 
the luekocytic infiltration In view of the relation of the protein content 
to the intensity of mjuiy, Coinbleet’s 10 attempt to 1 elate the content of 
blister fluids to the Donnan equihbnum becomes of more academic than 
practical interest, at least in bums 

It is interesting in this connection that Glenn, Muss, and Dnnkei 11 found 
that the lymph fiom the burned extiemity of calves is increased not only 
in the speed of flow, but also in piotem contents, by 35 to 75 pei cent 
The protein content of the blistei fluid, howevei, is not 1 epresentative 
of the protein content of the exudate fiom burned aieas, particulaily in late 
cases Wheie extensive tissue destruction has taken place, the sepaiation- of 
the eschai opens up not only the lymphatic channels, but exposes capillaries 
with different degrees of mjuiy, fiom which may exude, accoidmg to the 
severity of the mjuiy, any blood element langing fiom albumin to whole 
blood Where an infection coexists, there is also protein loss from local 
autolysis and tissue destruction 

The losses per unit area as revealed by polarnnetry m the cases of burns 
are significant The highest figme was shown by J W on the 12th day, 
when 328 mg of nitiogen w'as lost per sq cm of surface At this rate, 
an average pei son with 50 per cent of his r 8 sq meter of surface involved 
m burns, could lose 185 Gm of protein in 24 hours, an amount which would 
deplete the blood almost entirely of its osmotic component 

In view' of the constant protein dram, sometimes of enormous magnitude, 
the difficulty of keeping patients with considerable burnt areas in good 
protein nutrition, as repoited by Taylor, and his gioup, 4 is understandable 
These authors had recouise to heroic forced feedings, taking considerable 
trouble and valuable material (plasma and plasma albumin) to keep the 
cases of severe burns from too severe an emaciation 

When it is realized how much depends upon an effective healing process 
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in convalescence in burns; and when it is known how the healing process 
depends upon adequate protein nutrition, the vicious circle introduced by a 
constant protein dram, with consequent delayed healing, and, therefore, 
with further protein dram, the importance of the subject can be visualized 
This is the moie clearly seen if a skin grafting is attempted which further 
opens up new aieas of protein loss, leading to the danger, on the one hand, 
of inducing shock in a person already hypoprotememic, and on the other 
hand, of jeopardizing the taking of such grafts on a malnourished base What 
has been said of the relationship between wound healing in burns and the 
state of nutrition can also be said of the other conditions herein repeated 

In cases of extensive surgical dissection (R W and A G ) it is inter- 
esting to note that the losses can run up to almost 5 9 Gm of protein in 
24 hours, equivalent to 644 cc of plasma This, of course, includes blood 
When it is remembered that with this loss outside of the body, there must 
doubtless be a loss of protein into the traumatized tissues in the area of the 
dissection, the danger of surgical shock from this cause, alone, is at once 
apparent It is, however, reassuring to know that in both of these cases 
of widespread dissection, the protein loss fell off rather rapidly during the 
subsequent days 

The case of lung abscess and pyothoiax (F C ) requires some comment 
The nitrogen loss of at least 9 57 Gm per day, represents almost all the 
nitrogen intake in a basic diet and half of the intake in a higher protein diet 
In view of this magnitude of nitrogen loss, it is clear why this type of chest 
cases are so often emaciated and why the mortality rate should be so high 

It may be pertinent in this discussion to bring up a point which is still 
undeveloped and needs furthei elaboration It is the necessity of differentiating 
between protein loss, which involves piotein dram from the entire system, 
and protein loss, which does not In the former category may be placed loss 
of all blood and lymph elements, and to a less degree of urgency, loss of 
tissues which must be regenerated In the second category may be placed 
protein loss involved in losses of parts of the body, such as of the breast 
m the case of R W , and of extremities in amputations Here the actual 
protein loss involved m the loss of the parts is larger, but since the parts 
are not to be replaced, it involves comparatively no protein dram to the 
system It does not jeopardize health to the extent that a much smaller 
loss in the first category involves In fact, it is quite conceivable that the 
loss of nitrogen from the exuding surface left by the excision of the organ, 
if it continues could be moie detrimental to the body than the large amount 
lost in the original part How much of one or the other factor is present 
m the protein loss m pus and in exudate from infected surfaces is difficult 
to determine 

It might also be of interest to bring up the question of the adequacy of 
the civilian hospital diets to support nutrition in cases of large protein drain 
The “basic diet” or “standard diet” recommended by the National Research 
Council, on the basis of Sherman’s 12 survey, in 1920, contains jo Gm per kilo- 
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gram of body ■weight, or n 2 Gm of nitrogen Recommended as a main- 
tenance diet, it has been adopted generally as a basic hospital diet Since 
this diet is supposed to provide a margin of safety of from 50 to 100 per cent, 
it may be assumed that the minimum nitrogen requirement has been placed 
by Sherman as from 5-6 to 7 5 Gm per person, giving a margin of safety 
of 3 7 to 5 6 Gm The nitrogen loss in most of the 13 cases in Table I is 
larger than this margin at some stage of the convalescence, and for this 
reason, this diet is inadequate for this t\ pe of case This inadequacy becomes 
eudent when one remembers that this gram-for-gram matching has left out 
of consideration that the loss of urinary nitrogen is markedly increased in a 
large number of disease conditions of this type, and that it takes more than 
one gram of ingested nitrogen to cover one gram of nitrogen lost from 
the body 

The “high protein” diet consists of from 120 to 130 Gm of protein (19 
to 21 Gm of nitrogen), and should be adequate to replace moderate amounts 
of protein dram, provided pain, anorexia and other upsets do not reduce this 
intake In patients with extra metabolic protein drams of above 5 Gm per 
day, even this higher protein diet may not be adequate 

Two practical implications of the foregoing discussion may be set forth 
The first, applicable to the civilian hospital, is that the protein content of 
the “basic diet” should be increased in order to provide for a larger margin 
for the replacement of increased nitrogen loss in disease— offhand, a 50 per 
cent increase would not be too much The second, applicable to the practicing 
ph}sician, is that he develop an awareness for not only the vitamin, but, also, 
for the caloric and nitrogen needs of the patient particularly in conditions 
which mvohe large losses of protemous body fluids, and that he familiarize 
himself with the methods of special alimentation now available, namely, the 
use of ammo-acid mixtures orally or parenterally If natural alimentation 
fails, these measures may be of critical value Plasma transfusions, generally 
speaking should now be reserved for more emergent uses, such as cor- 
rection of an acute hypovolemia 

Mention has been made of the advantages of introducing precise surface 
measurements into this study This greater degree of precision may throw 
light on the following points 

1 The relation between the rapidity of healing or contraction of the 
lesion, and the general protein nutrition of the patient 

2 The differences in the amount of protein loss associated with the 
different tissue planes involved 

3 Evolution of the amount of exudation as the lesion ages 

4 Determination of whether different types of mfectants excite dil- 
ferent rates of protein loss 

5 The effect of local therapeutic measures on the amount of exu- 
dation 

How r ever, it is to be remembered that the determination of the area of 
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skin involved in a burn is not necessarily the same as the absolute area 
available for exudation, any more than is the measurable area of the 
intestinal mucosal suiface the same as that offeied by the villi for absorption 
In the case of the burned area, the crypts and folds and other irregularities 
in the denuded surface may be roughly compared with the intestinal villi 
in multiplying the effective absorbing surface 

Finally, it is to be mentioned that the above study is a random one A 
more complete study, involving a continuous record, not only of the nitrogen 
loss in the exudates, but also in the urme and feces, is indicated The 
method devised by Hirschfeld, and his gioup, 2 and modified to throw light 
on the above points, may well serve as a pattern 

SUMMARY 

1 The exudate of 13 surgical cases, representing four surgical conditions, 
were analyzed for nitrogen contents 

2 The nitrogen losses were, in some cases, of sufficient magnitude to 
jeopardize recovery 

3 The significance of such losses, and the indications for a more ex- 
haustive study were discussed 
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Native collagen fibers fiom the skin or tendons are extremely resistant 
to enzymes, but when mechanically comminuted to very small particles or 
heated they become fanly leadil} digested by enzymes (Sizer 1 ) Relatively 
resistant acid-swollen beef tendons can be maceiated into dilute suspensions 
(though the collagen may not pass thiough filtei papei) and subsequently 
reprecipitated to reform fibeis of similai ulti astructure to the original 
(Schmitt, ct a! , 2 and Beai 3 4 ) Such tieatment rendeis them relatively 
digestible by many diffeient animal and plant enzymes Similarly, the 
fibers are digested and absorbed aftei implantation m the animal body, and 
the available evidence suggests that this action is bi ought about by enzymes 
liberated from white blood cells 

The effects of temperatuie upon the digestion of collagen have been studied 
in a qualitative mannei mostl) by leather chemists intei ested in the action 
of enzymes during the bating of hides (cf Wilson 5 ) Using crude collagen 
preparations in the form of hide powder, Thomas and Seymour- Jones 6 
reported that appreciable solution by tiypsin occurred at 40° C but was very 
slight at 23 0 C Similarly, Merrill 7 studied the action of trypsin on hide 
powder by measuring the increase in soluble nitrogen dunng digestion, and 
his data indicate a threefold increase in rate from I5°C to25°C,a nineteen- 
fold increase from 25 0 C to 35° C , and a sixfold increase from 35° C to 
45 ° C On theoretical giounds, howevei, the digestion of collagen by trypsin 
might be expected to increase exponentially with temperature m accordance 
with the Arrhenius’ equation" (for a leview cf Sizer s ), since this is the 
case for the action of trypsin on several different proteins (Butler, 9 and Sizer - 

46 (log k 2 — log ki) 

* /j_ — — 

1/T1 - i/T 2 

and Josephson 10 ) The piesent voik was undertaken with the purpose of 
studying quantitatively the action of pioteases on collagen as a function of 
temperature and comparing these lesults wuth those on the digestion of 
collagen implanted m the subcutaneous tissues of tbe frog 

^ This -work was done under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Dei'elopment and the Massa- 
chusetts Institute of Technology 
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METHODS 

The collagen used in these studies was either in the form of collagen 
sutures or plain commercial surgical gut sutures (size No oooo) prepared 
from sheep gut The digestion of collagen 01 catgut sutures by enzymes 
has been studied by the method of Jenkins and Hrdina, 11 as modified by 
Lion and Sizer 12 It consists in attaching a two-gram lead weight to the 
suture and immersing the suture in a test tube of enzyme solution incubated 
in a water bath with a tempeiatuie control of ±005° C The free end of 
the fiber is connected to a telephone message counter driven by an electric 
clock When the suture is digested the lead sinker falls, a circuit is broken, 
and the digestion time m minutes may be read directly from the counter 
A few drops of toluene are added to the enzyme solution to prevent bacterial 
growth The pepsin solutions at p n 2 o contained o 1 per cent concentrated 
HC 1 , while the othei enzjme solutions were not buffered and the p a was 
about 7 

For the animal expeuments medium-sized winter fiogs were used The 
sutures weie implanted subcutaneously, after ether anesthesia, by lifting up 
a fold of the abdominal skin and passing through it a suture threaded to a 
surgeon’s straight needle One of the free ends of the suture is slipped 
beneath the skin, while the othei is tied to the skin with surgical silk at the 
point of insertion Thiee sutuies were implanted m each frog and, at suc- 
cessive intervals, samples were withdrawn The extent of digestion was 
measured by determining the breaking strength of the washed and dried 
fiber as compaied with the original sample before implantation During 
the course of the expenment the frog was kept in a cage which was im- 
mersed in a constant temperature water bath Although the frog could 
move about in the cage, it was impossible for it to lift its abdomen, con- 
taining the sutures, out of the water 

A DIGESTION OF COLLAGEN AND CATGUT SUTURES BY TRYPSIN AND PEPSIN 

Using the weighted fiber-breaking time technic, the digestion of sutures 
has been studied over the temperature range from i° to 6o° C When log 
rate is plotted against the reciprocal of the absolute temperature (Fig 1) 
the points fit along a straight line up to 45° C , above which the points fall 
from the line due to temperature inactivation (denaturation) of the enzyme 
The slope of the line corresponds to an activation energy of 31,000 ca ^ P er 
Gm mole * for both pepsin and trypsin It is very surprising that the same 
activation energy characterizes the action of both pepsin and trypsin on 
collagen, since the activation energy usually is diffeient for each enzyme 
(Sizer 8 ) In accordance with lesults on other enzymes the activation energy 
is independent of the purity of the enzyme, since the same value is obtained 

* “Mole” is defined as “the weight in grams equal to the molecular weight” ( Chem- 
ical Handbook ) 
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(Fig i) foi io pei cent ciude tiypsin (Cenco) partially purified trypsin 
(Cenco, punfied by using only the aqueous filtrate) and also in preliminary 
experiments tuth ciystallme tiypsin (Lehn and Fink) Similarly, the same 
values chaiactenze ciude io per cent (Cenco) and ciystallme oi per cent 
(Lehn and Fink) pepsin t The activation eneigy is also independent of the 



/t x io* 

Tig i — Log rate of digestion of collagen and 
catgut sutures m enz\me solutions is plotted 
against i/T The same activation energy of 
31,000 cal per Gm mole is obtained in all cases 

1 Collagen sutures in 10% crude trypsin 

2 Collagen sutures in filtered 10% trypsin 

3 Collagen sutures in 10% crude pepsin 

4 Collagen sutures m 1% crystalline pepsin 

5 Catgut sutures in 10% crude trypsin 

6 Catgut sutures in 10% crude pepsin 


X|0« 

Fig 2 — Log rate of digestion of collagen 
sutures m enzjme solutions is plotted against i/T 

1 01% crystalline chjmotrypsin, fi = 23,000 cal 

2 7% ortbozyme, 41 = 24,000 c al 

3 1 % heralin, /i = 38,000 cal 

4 1% papain, /( = 21,000 above and 44,000 cal 

below 38° C 


source and punty of the collagen, foi the same activation energy is obtained 
with collagen fiheis (either mono- 01 multifilament) from relatively pure 
collagen of beef tendon and plain catgut sutures fiom relatively crude collagen 
of sheep intestine 

t In occasional experiments with both crystalline trypsin and pepsin an activation 
energy of 22,000 cal per Gm mole instead of 31,000 cal is obtained, but the reason 
for this is not known 
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B DIGESTION OF COLLAGEN SUTURES BY- OTHER ENZYMES 

Since the same activation energy characterizes both the pepsin- and 
trypsin-collagen systems, it is important to know whether the same value 
will be obtained for other enzymes As indicated in Figure 2 the activation 
energies of the collagen-enzyme system are 38,000 cal with 1 per cent 



DAYS IN FROG 

Tig 3 - — The strength (Kg breaking load) of collagen sutures is plotted against the number of 
days the suture has remained m the subcutaneous tissues pf frogs, w Inch v. ere kept at different 
temperatures during the experiment 


keialin (American cyanamid), 24,000 cah with 1 per cent orthozyme (Rohm 
and Haas), 23,000 cal with 0 1 per cent crystalline chymotrypsin (Lehn and 
Fmk), and 21,000 cal above and 44,000 cal below 38° C with I per cent 
papain (Merck) The results with papain are especially interesting, for it is 
the only known enzyme which will (although very slowly) attack native, 
unswollen collagen fibers The enzyme is relatively heat stable even up to 
60 C , and the papam-collagen system is characterized by one activation 
energy above 38° C and another below this temperature (for similar enzyme 
systems, see Sizer 8 ) From these experiments with several different pro- 
teases it appears that, in general, as would be expected, the activation energy 
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for the digestion of collagen is characteristic of the specific proteolytic enzyme 
used The significance of the identity of the value for pepsin and tiypsin 
is not known Whether 01 not it is nieiely a coincidence must await further 
studies with these enzymes The activation eneigy for both enzymes is 
diffeient fiom the values leported foi then action on other proteins (Butler , 0 
Sizei and Josephson , 10 and Sizei 8 ) 



Fig 4 — Log rate of digestion of collagen sutures implanted subcutaneously in the 
frog is plotted against i /T The rate of digestion was taken as ten times the reciprocal 
of the time in dajs after implantation required to reduce the strength of the suture 
from i 6 to i 4 Kg This was calculated from the curves of Figure 4 

C DIGESTION OF COLLAGEN SUTURES IN THE FROG 

The digestion and disappeaiance of absorbable sutures implanted m 
animals appears to be due to the action of tissue enzymes Since the in- 
fluence of temperature on the action of certain enzymes m vivo and in vitio 
appeals to be the same (cf Sizei 8 ), it might be expected that the rate of 
digestion of the sutuies would also increase exponentially with temperatuie 
m accordance with the Arrhenius’ equation Fiom an expenmental point 
of vieiv the most convenient poikilothernuc animal is the frog, but results 
which might be obtained do not necessanly depict the situation which would 
exist m mammals and paiticulaily man The winter frogs used in these 
expei iments had been kept foi several months m the laboratory without 
food before use After implantation foi several days many fibers broke at 
the point of entry through the skin instead of pulling out readily It then 
became necessary to expose the sutuie by cutting open the skm After the 
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removal of the suture, the incision in the skin was closed with surgical silk 
The sutures after removal were washed and dried before testing for strength 
by measuring the breaking load 

When breaking load (Kg ) is plotted against implantation time in days 
(Fig 3) it is appai ent that at each temperature the strength of the suture 
decreases m a smooth hyperbolic fashion much the same as in rabbits* and 
in dogs (Jenkins and Hrdma 13 ) The plotted points are quite scattered due 
to the many experimental difficulties encountered in this type of experiment 
Rate may be calculated from the reciprocal of the time required to produce 
a given reduction in strength of the sutui e, e g , to reduce the breaking load 
from 1 6 to 14 Kg The log of the rate of digestion (log 10/time in days 
for the reduction in strength) is plotted against i/T m Figure 4 The 
digestion of sutui es implanted subcutaneously in the frog increases exponen- 
tially with tempeiatuie in accordance with the Arrhenius’ equation just as 
does the digestion of sutures by enzymes The activation energy of 17,000 cal 
per Gm mole for the digestion of sutures in the frog is different, however, 
from that encountered with any of the particular enzymes which have been 
studied Histologic evidence suggests that the digestion of sutures implanted 
in animal tissues is brought about chiefly by leukocytes (Jenkins, et al u ) 
Experiments on the action of human and beef blood on the digestion of 
collagen sutures indicate that blood enzymes do attack the sutures Frac- 
tionation by centrifugation of beef blood shows that most of the proteolytic 
action of blood is associated with the leukocytes rather than with the plasma 
or red blood cells It has not yet been possible to obtain a stable preparation 
of proteases from leukocytes, in older to determine whether or not the 
activation eneigy for the digestion of collagen sutures by leukocytic enzymes 
m vit) 0 is the same as that for the digestion of the sutui es implanted in the 
tissues of the oigamsm 

It seems significant that the digestion of collagen sutui es both m vivo and 
in viti 0 increases exponentially with temperature, but since the enzymes 
studied are probably not the same as the ones which digest the suture 111 
the tissue the activation energies are correspondingly different One practical 
aspect of this study lies in the possible application of the results to problems 
of human suigery An important problem involved in the use of catgut 
sutures lies in digestion of the suture before healing is completed, with the 
resulting opening up of the wound It is apparent from this work on collagen 
and catgut (only piehmmary catgut experiments have been performed with 
the fiog) that an important factoi determining the rate of digestion and 
absorption of sutures is the body temperature In a patient an increased 
tempeiature of 4° C might be expected to produce a 100 per cent increase 
in the late at which absorbable sutures are destroyed in the incision if the 
human enzymes (or bacterial enzymes in the case of infected wounds) behave 
like trypsin or pepsin If the human situation is similar to that in the frog 

* Unpublished experiments bv Sizer and Gould 
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a rise in tempeiature of C will produce a doubling m the rate of destruc- 
tion of the sutuie In either situation, it is apparent that any elevation in 
body tempeiatuie may pioduce a marked increase in the rate of absorption 
of the sutuie Less extensive expenments with tanned sutures (either collagen 
or surgical gut) indicate tempeiatuie effects on digestion similar to those 
for the plain sutures 


SUMMARY 

The digestion of sututes of beef tendon collagen and of surgical gut 
by trypsin 01 pepsin increases in late with temperature in accordance with 
the Arrhenius’ equation with an activation energy of 31,000 cal per Gm 
mole The activation eneigy is independent of the source and treatment of 
the collagen and is also independent of the purity of the enzyme preparation 
When collagen sutures are digested by other enzymes the activation energy 
is chaiacteustic of the collagen-enzyme system The activation eneigies are 
38,000 cal -with keialin, 24,000 cal v ith orthozyme, 23,000 with chymo- 
trypsm, and 21,000 cal above and 44,000 cal below 38° C with papain 
When collagen sutures are implanted subcutaneously in frogs, the rate 
of digestion, as measured by the rate of loss in tensile strength, increases 
exponentially v ith the absolute temperatuie of the frog The activation 
energy is 17,000 cal per Gm mole It is suggested that this value is the 
activation energy of the proteolytic enzyme, piesumably fiom the white blood 
cells, which is responsible for the digestion of sutures in the subcutaneous 
tissues It is pointed out that suture absorption in man may be greatly ac- 
celerated by postoperative fever 

The author is indebted to Doctois D F Waugh, T P Salo, and E L Duggan, of 
the Collagen Research Group at the Massachusetts Institute of Technology, for supplying 
the collagen fibers and for advice in the present investigation 
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THE SUBMUCOSAL MORCELLATION OF HEMORRHOIDS 
Lt Comdr H B Benjamin, M C -V(S), U S N R 
Lt H W Ahrenberger, M C -V(S), USNR 

and 

Lt (j g ) C J Fairless, M C , U S N 

Because nearly everyone has hemonhoids in one form or anothei and 
because complications of hemoirhoids and heinorrhoidectomies may be very 
distressing, oftentimes disabling, we would like to present our preoperative, 
new surgical technic and postoperative care for your consideiation, especially 
since we aie aware of the fact that the methods employed in the early 1800’s 
by the Fiench Surgeons are still in use 1 

Hemorrhoids may occur because of straining at stool, they may follow^ 
pregnancy and they are also found 111 men wdio suffer from chionic coughs 
or fiom piostatic hypei trophy Another cause of venous stasis is an mfil- 
tiatmg carcinoma of the rectum causing partial obstiuction It is, therefoie, 
important to make a complete physical examination on all patients who 
present themselves for hemorrhoidal surgery Since the present w^ar we have 
seen many young men develop hemoirhoids because of altered diet, nervous 
tension and lack of proper toilet facilities It w>-as found that many of the 
marines and sailois became so afflicted while at the actual battle front At 
one station the suigical staff aveiaged 3-4 hemorrhoidectomies per week, 
and these on boys in the 17-21 age-group 

Considering that hemorrhoids, either internal or external, are in truth 
“varicose veins of the rectal area” it is difficult to condone the present-day 
practice of “clamp and excision ” The disease, being one of blood vessels 
primarily, there is no need for the surgeon to sacnfice laige amounts of the 
rectal mucosa, underlying connective tissue and even muscle An apt analogy 
would be to have the surgeon, who, in attempting to cure the patient of 
varicosities of the lower extiemity, meiely clamped across the vanx, and 
excised skm, muscle and even nerves 

The present status of hemorrhoidectomy is much the same when so 
much healthy and uninvolved tissue is sacrificed in ordeiAo get at the offending 
vein With the removal of such a large block of mucous membrane and 
adjacent tissue m hemorrhoidectomy, one can, without difficulty, readily 
explain its complications, namely, stenoses, loss of sphincter control, fissures, 
abscesses, not to mention pruritus and pain seen m almost every hemorrhoid- 
ectomized patient It is altogether too common that the hemorrhoid patient 
dreads his operation only because he has been told about the pain and distress 
suffered by other patients 

Thus, realizing all this, we have attempted to correlate a technic of 
hemorrhoidectomy which is along anatomic lines and ivhich attempts to 
preserve a normally functioning rectal tube The result has been that the 
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common sequelae of hemorrhoidectomy have been reduced to a minimum and 
the operation itself surprisingly simplified 

Injudicious removal of tissue containing nerve filaments or even vigorous 
dilatation of the anus is sufficient to so harm the structures supplied by these 
nerves that mcontinency of sphmctei, proctitis, pain, and delayed healing 
may occur 

Therefore, considering anatomic principles, the following method of 
obliteration of hemorrhoids has been devised by one of the authors (H B B ) 
Adequate preoperative preparation of the hemorrhoid patient is as 
important as m any other surgical procedure and contributes directly to satis- 
factory results, a fact which is many times overlooked The patient is 
usually hospitalized the night before, having had previously a thorough physical 
examination and, may we stress, a complete history Conditions predisposing 
to hemorrhoids are especially sought after, such as abdominal tumors, chronic 
bronchitis, cirrhosis of the liver, etc Special examination for carcinoma must 
always be made prior to operation Dr Charles Mayo said “I could win the 
office of President of the United States on the platform of free finger cots for 
doctors to do rectals ” It is our custom to give the patient a sedative the 
night before, consisting of a barbiturate to allay’- any apprehension he might 
have The perineum and anus are piepared, and three hours preoperatively 
the patient receives a soap-suds enema which is followed by a saline colon 
irrigation to remove any of the untating qualities of the soap A light 
breakfast may be given We have found that a repetition of the barbiturate 
is usually sufficient as an immediate preopeiative medication, however, the 
more apprehensive and nervous patients do require sedation with morphine 
and scopolamin combinations The patient’s general condition and mental 
make-up are the determining factors 

The anesthetic of choice is caudal block This is given 20 to 30 minutes 
before the operation is to be performed The technic employed is one com- 
monly described, either 1 per cent novocame or 1 per cent metycaine may 
be used , 30-35 cc of solution is usually sufficient to insure adequate anal 
anesthesia Local infiltration of these solutions has also been utilized with 
surprisingly good results 

The patient is then read}’ for operation Two positions have been used, 
the lithotomy or Borne, depending on the operator’s choice Thereafter, the 
anal area is widely prepared in the usual manner, tincture of merthiolate 
usually being employed, and then draped with sterile sheets First and fore- 
most, a careful proctoscopic examination is routinely carried out to visualize 
the anal canal and to inspect for the possibility of malignancy This is best 
done now' because of the anesthesia At the same time, any residual foreign 
matter may be removed A -vigorous anal dilation is neier done It is felt 
that this is not necessary and may even be harmful Many bothersome post- 
operative sequelae have thus been eliminated by leframing from this stretching 
No evidence of carcinoma having been found, each hemorrhoidal tag is 
next identified A small linear incision, perpendicular to the axis of the 
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rectum, is made with the knife in the skin approximately 3 cm from the 
base of the first external hemorrhoid This incision is usually just outside 
the pigmented aiea which sunounds the anus 01 appi oximately 1 5 cm from 




After- f/S Mrs 


After Z*t Mrs 



_ Redundant- -tissue excised 
Initial incision 


1 



Tic 4 — Composite sketch showing healing stages 


the mucocutaneous border (Fig 1) Next, the medial edge of the incised 
skin is grasped with an Allis forceps Holding the forceps up on the hand, 
the mucous membrane is dissected free from the hemoirhoid with Mayo 
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scissoi s (both points dull) (Fig 2) The dissection is then carried m like 
manner upwards, using the finger in the lectum as a guide until Hilton’s line 
is reached (Fig 3) This accomplished, the entue diseased hemorrhoidal 
•vessel is moi collated by shoit bites with the scissoi s If clots aie piesent, 
thev aie removed Aftei complete caieful moicellation, the scissors aie 
withdiawn and an} ledundant, excessive mucous membrane is removed by a 
“V’ -shaped excision (Fig 4) It must be remembeied, howevei, that much 
of this ledundancy will be 1 educed m the piocess of healing A similar pro- 
ceduie is earned out on the lemaming hemorrhoidal tags Theieafter, at the 



discretion of the opeiatoi, a nupercame-gauze pack may be mseited foi 
hemostasis 

Sciupulous attention is also paid to the patient following the operation 
On the following morning the nupeicame gauze, if mseited, should be removed 
If the patient is unable to void m 12 houis, postopeiative catheterization is 
carried out Hot witch hazel packs have been found to be vei) beneficial and 
these applications should be staited the evening of the opeiation To be 
effective these packs must be hot A cold and clamni} pack can be ver) 
uncomfortable Mineral oil, ounces one, by mouth, is gnen three times a 
day, fluids are given fieely, with a light diet Hot sitz baths are instituted 
on the third day 2 ’ 3 

The operation being technically so simple, its conti amdications are few 
Of course, senously debilitating disease is always investigated and no operative 
procedure should be carried out in such an instance A large ulceiated mucosa 
would make the dissection of the mucous membrane impossible and, thus, 
the operation impracticable, since its continuity could not be preserved 
Thrombosis without ulceration, however, is no contraindication 

In 34 consecutive hemorihoidectomies tieated by this technic, three points 
were outstanding (1) Not one of these patients complained of undue pain or 
discomfort either during the opeiation or aftei it The enema given on the 
third postoperative day was easily accomplished and normal bowel move- 
ments followed, the patients being allowed to go to the toilet (2) Not one of 
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these patients suffered distention gas pains, or had to be catheterized Normal 
bowel and bladder physiology was almost uninterrupted before and after the 
operation (3) The speed of recovery was rapid Two-thirds pf these 
patients wei e up and about on the third postoperative day At the end of one 
week complete healing had occurred in all and m most it was difficult to 
ascertain that the patient had had hemorrhoids Postoperative scars or 
stenoses were not discernible Five cases were encountered in which bleeding 
necessitated the use of rectal pack The remainder required no packing and 
frequent examinations of the dressing showed only slight oozing 

In comparing our results with those of the clamp and excision or clamp 
and cauterv methods, we are impressed by the fact that oui results showed 
an absence of discomfort and pam, which made for a much quicker recovery 
and shorter convalescence The fact that practically negligible inhibition of 
urination was found in these patients also was gratifying The operation 
itself is anatomically fool-proof, insofar as the sphincter is not invaded, and 
the anal canal is not forcibly dilated either during or after The operation 
not being a technically difficult one, it is relatively safe The postoperative 
complications are at a minimum, and the diseased vein is completely obliterated, 
thus, curing the patient The patient is further pleased at the reduction of 
hospitalization and the rapidity with which he is back at work This operation 
was developed three years ago and, so far, we have had no recurrences 
in any of our cases The patient is visibly as well as clinically cured, and 
has no complaints, after this type of surgical intervention 
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REPORT OF A CASE ASSOCIATED WITH MULTIPLE PATHOLOGIC FRACTURES, 
DISSEMINATED FIBROUS DYSPLASIA OF BONES, PRECOCIOUS 
PUBERTY AND MULTIPLE PIGMENTED NEVI 

Lt Col Albert Behrend, M C , 


In 19 37 , Albright, 1 and his associates, called attention to a group of cases 
in which the sjunptoms were sufficiently uniform to warrant their classifica- 
tion as a syndrome While individual cases had been described sporadically 
by various authors prior to 1937, attention became focused on them as a 
clinical entity by the report of Albright, so that the syndrome now bears 
his name 


The original article by Albright noted the following characteristic findings 

(a) Bone lesions which have a marked tendency to be unilateral and 
which show osteitis fibrosa on histologic examination 

(b) Brown, nonelevated pigmented areas of the skin, which tend to be 
on the same side as the bone lesions 


(c) An endocnne dysfunction which 
cocious puberty 

The following case fulfills all 
the requisites noted above and is 
presented in the belief that it is 
the thirty-fifth case to be reported 
in the literature In addition to 
these, Gorham, and his cowork- 
ers, 2 list so-called "partial” cases 
which show some but not all of 
the characteristic findings The 
disease remains an interesting 
medical curiosity since the eti- 
ology is still obscure and there is 
no specific therapy 

Case Report — G F , white fe- 
male, age seven, w j as first seen at the 
Station Hospital on June 25, 1942 
On June 24, 1942, she fell from her 
tricycle and noted pain in the right 
thigh which was not, however, severe 
She walked into the house, but the 
following day was unable to bear 
weight on the right leg The parents 
noticed some deformity of the right 
thigh, and she was brought to the 
hospital 


in females is associated with pre- 
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On admission, the patient was found to be an exceptionally intelligent and co- 
operative child, well developed, but with no precocious secondary sex characteristics 
There were multiple small areas of dark pigmentation on the trunk (Fig i) and 
extremities, which, at the time, were not considered of unusual significance Exteinal 
rotation of the right foot and ankle, with anterioi bowing of the thigh, were noted, 
and the right leg was slightly shoitei than the left There was pain in the upper third 
of the femui on rotation of the leg Roentgenologic examination disclosed a com- 
minuted intertiochanteric fiacture of the right femui Subsequent review of the 


onginal films at the tune of the second 
pathologic one in a region of cystic bone, 



Tic 2 — Note precocious development of secondary 
sex characteristics Age Eight years 

was allowed to return to her home, and it 


admission showed that the fracture was a 
but this fact was not at first appreciated 

On June 25, 1942, under open-drop cthei 
anesthesia the fractuie of the femur was re- 
duced on the Hawley table and a Whitman 
spica of plaster of pans was applied Am 
excellent reduction was obtained and main- 
tained for three months, after which the en- 
casement was removed and weight-bearing 
was begun Shortly thereafter the family 
moved to another post 

Second Admission — The child was ap- 
parently well until July 10, 1943 On that 
date, while walking downstairs, she twisted 
her leg and fell Pain in the right thigh 
■was noted at once Roentenologic examina- 
tion elsewhere showed marked deformity of 
the right hip and tlngh, and there was a 
large bone-evst in the subtrochanteric region, 
with an incomplete fracture line in the lat- 
eral wall of the cyst Films of the low’er 
legs showed cystic areas in the upper third 
of both tibiae Films of the skull and other 
bones were normal 

She was readmitted to the Station Hos- 
pital on July 12, 1943 Roentgenographie 
findings as noted above were confirmed 
Since the fracture was incomplete, and there 
was no shortening, a splint was not applied, 
but the patient was confined to bed until 
August 31, 1943 At this time, the fracture 
line had entirely disappeared, but the cystic 
are of bone showed little change She 
was recommended that she stay in bed for 


four more weeks 

Laboiatorv Data — Kahn — negative Routine urinalysis normal Red blood cells 

4,110,000, hemoglobin 90 per cent White blood cells 8,500, polymorphonuclears 55 


per cent, lymphocytes 44 per cent, eosinophils 7 per cent Serum calcium 11 5 nig 
and 10 4 mg per 100 cc Serum phosphorus 5 8 mg and 5 4 mg per 100 cc Phosphatase 
9 2 modified units Urine calcium 284 4 mg per vol of 775 cc Urine phosphorus 74° m E 
per vol of 775 cc (24-hour specimen) 

Third Admission — The patient was readmitted to the Station Hospital October 25, 
1943 Roentgenograms taken elsewhere showed increase in the area of cystic bone 
In upper right femur At this time, enlargement of the breasts first became evident 
(Tig 2) Also, during this admission, the patient menstruated for a period of three days 
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Questioning ie\ealed that menstruation had occuried first at the age of three and 
again at the age of se\en This was the third episode of vaginal bleeding Because of 
the increasing size of the bone cyst of the femur, opciation was advised, and performed 
No\ ember r, 1943 

Opciation — Undei ethei anesthesia, the light femur was exposed 111 the region of 
the great trochantei The pciiosteum appealed noimal but the underlying bone was 
l’itted The thin cjst wall was ieadil\ 11111 oofed with a chisel and mallet The cyst 
cant) was curetted It contained fine bonv spicules that formed a lacy network in 



Fig 3 — Roentgenogram showing condition of right femur at time of discharge from 
hospital This leg was the site of three (3) fractures, and operation consisted of 
curettement of cyst and insertion of bone chips 


the cyst, and bled very freely Multiple bone chips were taken from" the shaft of the 
distal poition of the femur and placed in the cyst cavitj A transfusion of 250 cc 
of whole blood was given during the operation 

Convalescence was uneventful until November 13, 1943, when the patient fell out 
of bed while asleep Roentgenologic examination showed a complete fracture of the 
right femur through the region of the bone cyst, with marked angulation On No- 
vember 16, 1943, Russell traction was applied, but this had to be removed on Novem- 
ber 19, 1943, because large blisters had developed beneath the traction tapes On 
November 22, 1943, under local anesthesia, a Kirschner wire was inserted, m the supra- 
condylar region of the right femur, and traction was applied with the leg on a Thomas 
splint with a Pierson attachment The Kirschner wire w^as removed January 17, 1944 At 
this time, there w'as good callus at the site of the fracture and the cystic area m the 
bone appeared more homogeneous 

On January 1 7, 1 944, aluminum acetate therapy w’as begun on the advice of Dr 
Ralph K Ghormley This w r as continued until February 23, 1944, when she was dis- 
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charged from the hospital At this time, the patient was sitting up m a chair but no 
weight-bearing was permitted 

A specimen of bone removed from the cyst at operation was forwarded for 
examination, but was lost in transit 

Fouith Admission — The patient returned to the Station Hospital April 2, 1944 Her 
condition, in general, was good She had not menstruated since the last admission 
Her height was 60$ inches and she weighed 11 1 pounds (505 Kg) Neurologic 
examination was normal Complete body roentgenograms were made at this time — 
the first time that this had been done since her second admission in July, 1943 The 
cystic area in the right femur, 'the site of three fractures, showed little change from 



Fig 4 — Roentgenogram of right and left legs showing cystic changes in 
the upper third of both tibiae and right fibula 


the previous examination in January 1944 3 The bones of the skull, including the sella 
turcica, appeared 'normal The cvstic area in the left tibia appeared to be enlarging 4 
In addition to the right femur and left tibia, the following bones showed minor degrees 
of cystic change, all notably on the right side, namelv, fibula, tibia, ischium, ilium, 
humerus, ist metatarsal, and 3rd and 4th metacarpal (Fig 5) The cysts involving 
the fibula, ischium, ilium, humerus, metatarsal and metacarpals appear to have dc- 
\ eloped since the time of the second admission — indicating progression of the disease 
Laboratory Data Urine normal No Bence-Jones protein present White blood 
cells 7000, polymorphonuclears 68 per cent, lymphocytes 32 per cent Red blood cells 
3.7/0,ooo, hemoglobin 80 per cent Blood cholesterol 163, phosphorus 3 5* scrutri 
calcium 9,p, ?hd phosphatase 12 3 . 
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Aluminum acetate theiapy was again instituted on admission On April 4, 1944, 
opeiation was carried out on the left tibia, under light sodium pentothal intravenous 
anesthesia The periosteum o\erlying the tibia appeared thickened and a specimen was 
remoi ed for biopsy On separating the periosteum over the cystic bone, it was noted 
that the cortex was already disrupted The cyst cavity was readily un- 
loofed with a sharp curette The contents of this cyst w r as in marked 
contrast to that m the femur It w r as soft, yellows homogeneous and 
wax-like A specimen was remo\ed foi biopsj Bone chips from the 
tibial shaft (normal bone) were placed 111 the c>st, and the w'ound 
was closed A small pigmented area of skin from the right thigh was 
also excised for biopsy Convalescence was uneventful The patient 
was allowed to leave the hospital on April 15, 1944, with instructions 
to continue the auminum acetate therapy 

Histopathologic Rcpoi f — Capt Hans G Schlumberger, M C 

“1 Cuicttmgs ft out bone cyst Section consists of fusiform con- 

nectne tissue cells, occasionalh arranged in bundles and whorls 

About 10-12 multinucleate tumor giant cells are seen (Fig 6) per 

low power field These cells contain fiom 3 to 14 nuclei and have 

a \acuolated polyclu omatic cjtoplasm Foam cells are scattered 

abundantly throughout the section and also form isolated nests They 

are very prominent in a frozen-section stained with scarlet r (The 

significance of these cells is minimized by Lichtenstein and Jaffe 0 

2 Pcnostcum Dense, longitudinally arranged bundles of connective 

tissue and part cells No inflammatory or neoplastic cell-mfiltrates 

are present 3 Section of din The epidermis show's moderate kera- , 1 ] J s t rat 

tosis and acanthosis In the basal laj ei are manv “cclles clan cs" having t onc , involvement 

Note that they arc 

a clear cytoplasm and intimately related to adjacent nevus cells, many predominantly uni 
of w'hich have a position and structure suggestive of Meissner’s cor- 
puscles Masses of net us cells aie present in the uppermost layers of the conum, none 
have infiltrated into the deeper layers (Fig 7) There is no evidence of malignancy 
Pathologic Diagnoses 1 Fibrous dysplasia of bone (Jaffe) 2 Dermal-epidermal nevus ” 

Comment — Attention was first directed to this case by the occurrence of 
a pathologic fracture This was true, also, in many of the reported cases 
Fibrous dysplasia of bones is a piomment featuie of Albright’s syndrome, 
and is either unilateral or piedominantly unilateial Theie is no general 
decalcification of bones as is seen m hyperparathyroidism The epiphysis 
often escapes involvement, though this was not ttue m our case Early union 
of the epiphyses’ is part of the syndrome, so the patients are usually of 
short stature 

The pigmentation is typically patchy and unelevated It has a tendency 
to follow nerve trunks m some of the reported cases Although the etiology 
of the disease is not known, the umlatei ality of the bone lesions and the 
tendency of the pigmentation to follow neive distribution together with the 
endocrine disorder seen m the female patients suggested to Albright that the 
disease was one of central nervous system origin, possibly embryonal in 
nature 

The syndrome is more commonly seen in females than m males The 
latter do not show the precocious puberty and early maturity of secondary sex 
Characteristics, both of which were prominent features of our case While no 
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lias not elapsed to evaluate the result We feel that operative interference 
is justified to obtain tissue for pathologic study for diagnosis Insertion of 
bone chips appears to be of local therapeutic value 

We have also employed ‘aluminum acetate theiapy, as w as done m the 
case lepoited by Dockeity, Meyeidmg and Wallace 3 The»diug is given in 
the form of Burow’s solution according to the formula suggested by Ghorm- 
ley' 1 as follows Sol aluminum acetate, 150 cc , Syr tolu, 9° cc > Honey 
q s ad 480 cc , Sig 4 cc q 1 d , p c 

It is recommended that at least one pint of milk a day be taken during 
treatment 

The use of aluminum acetate m the treatment of generalized fibrocystic 
disease of bone was suggested by Helfet 0 in 194 ° The treatment is based 
on a concept of calcium and phosphorus metabolism, which is at variance 
with generally accepted ideas Helfet postulates that parathormone controls 
the blood inorganic phosphate level primarily and that variations in this Ie\el 
secondarily affect the mobilization of calcium Aluminum acetate provides 
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ions which combine leachly w r ith phosphorus foi excretion and selves to hoaid 
calcium ions Insufficient tune has elapsed to asceitam the efficacy of this 
fonn o! ti eatment We can state that it has not been haimful even in doses 
ot one chain of the piescnption qid While additional cystic areas have 
appealed in the hones, the c}sts alieady piesent ha\e not enlarged duimg the 
penod of ti eatment with aluminum acetate and theie has as yet, been no 
legiession of those alieady established 



Tig 7 — Section of skin Section taken through pigmented nevus There is no evidence of malignancr 
(x 120) U S Arm> Medical Museum Neg No 79194 Acc No 107988 

t 

Several reported cases of Albught’s syndrome have been subjected to 
exploration of the parathyi oid glands," despite the fact that decalcification of 
hones is not generalized, theie is no laboratory evidence of hypercalcemia, 
and no tumors of the paiathyroid are found at operation Such operations 
can serve no useful purpose m this condition and should be avoided Since 
the manifestations of the syndiome aie so striking, the indications and contra- 
indications for various forms of theiapy are definite, and so little is known 
of the true nature of the disease w^e feel justified in calling attention to this 
additional case 


SUMMARY 


An additional case of Albright’s syndrome is piesented The syndrome 
is characterized by fibtous dysplasia of bones, wuth cutaneous pigmentation 
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in both sexes and gonadal dysfunction m females Attention was first 
duected to this case by the appearance of a pathologic fracture in the right 
femui at the age of seven years Two additional fractures occuired m the 
same area of hone in two years, and all healed well Menstruation occurred 
at the age of three years for a three-day penod, and the phenomenon was 
repeated similarly at the age of seven and eight years Pigmentation of the 
skin was found to he scattered in the form of multiple small nevi, which 
followed no ordeilv distribution Two enlarging bone cysts were umoofed, 
curetted, biopsies taken, and bone chips inserted The matenal removed foi 
biopsy had the gioss appearance of decalcified bone spicules in the femur, 
and was soft, degeneiated and waxy in the tibia Response to aluminum 
acetate therapy has been inconclusive, hut warrants fuither trial Exploiatory 
operation for removal of parathyioid glands is contraindicated The etiologv 
of the condition is a mattei for conjectuie, the treatment is empmc, and the 
prognosis unceitam 
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BRIEF COMMUNICATION 

A SPLINT FOR INTRAVENOUS INFUSION 
Joseph H Zeigerman, MD. 

PiiiLADrrniiA, Pa 

FROM THE GYNECOLOCICAL SERVICE OF PROFESSOR WILLIAM R MCIIOLSON, GRADUATE SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA 

The straight splint which is generally used to immobilize the arm in 
the administration of intravenous infusions has been a part of our arma- 
mentarium until recently We followed the usual procedure of immobilizing 
the arm on a straight boaid, well padded with gauze and cotton The board 
v as the length of the forearm and half way up the arm The arm was stretched 
and tied to it with gauze Both were then fastened to the bed We had 
always been conscious of the fact that the arm during this procedure was not 
m the rest position, but did not know how to correct this We felt that since 
the intravenous theiapy was indicated and since that was the only way to 
give it, the patient's comfort had to be disregarded 

The immobilization of the arm with the straight splint inhibits body move- 
ments and the patient invariably complains of stiffness and cramping of the 
flexor muscles which progressively increases as the infusion proceeds After 
the splint is removed the muscle fatigue at the elbow continues for several 
more hours We thought that if the arm were m the position of slight flexion 
instead of full extension the patient’s comfort would be increased and the 
complaints greatly diminished In order to produce this degree of flexion 
we at first padded the protruding end of the straight splint, thus raising the 
forearm and producing flexion of the elbow This method was not satisfactory 
because by anchoring the splint to the bed the arm lay in extension with the 
eventual discomfort to the patient Of course placing the arm on a pillow 
would eliminate the full extension, but it vmuld also pi event immobilization, 
resulting in needle displacement, with subcutaneous infiltration 

In view of the objectionable features of the straighc splint it was generally 
felt for a long time that some modification was indicated, but the most marked 
incentive for the modification was the fact that one of the senior members 
of our staff had to receive an intravenous infusion His discomfort, expressed 

Si 

in unequivocal terms, resulted in search for an improved splint The three- 
angle splint which consists of three boards — a base which measures 24 inches 
in length, 5*4 inches in width and y 3 inch in thickness, an arm rest 1 6}4 
inches in length, 4*4 inches in width and z / 3 inch m thickness , an upright 
6y& inches in length, 5% inches in width, y 3 inch m thickness, and an arm 
extension which is a part of the base measures 8^4 inches The upright is 
5 K inches at the base, tapering down to 4 j^ inches at the upper end The 
angle of the arm rest is approximately 45°. The tongues of the upright 
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at each end fit into the consecutive grooves of the arm rest and the base 
The arm rest is attached to the arm extension by means of a dowel The 
edge of the aim extension is tapergd off to leheve the pressure of the splint 
on the uppei arm The wide base pi events tilting of the splint The arm 
extension and the aim rest aie covered with a mattress of leatherette, the 
mattress is fastened to the splint at thiee points, at the apex of the arm rest, 
at the angle, and at the end of the aim extension Two sets of leather straps 



Fig i — Mattress padded splint for intravenous infusions 



Fig 2 — Lateral aspect of tlie splint in actual use, showing the angulation 
and immobilization of the arm 


with buckles are attached to the arm lest, one set to the arm extension, to 
immobilize the arm and the forearm One pair is also placed at the base near 
the upright to fasten it to the bed 

A three-angled splint which is covered with a mattress and leather straps 
is ready for intravenous infusion at a moment’s notice This is not the case 
with the commonly used straight splint There is much lost motion in its 
preparation The nurse or doctor has to prepare the splint by padding it 
with cotton and wrapping it with bandage This preparatory procedure con- 
sumes much 'valuable time which is actually wasted, since the padding can be 
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used foi the one patient only and must be discat ded befoie lepaddmg the 
splmt foi the use of the next patient Then the nuise spends time m bandag- 
ing the aim to the splmt and the splint to the bed The loss of time and the 
wasting of matenal is complete)} eliminated with the use of out splmt, since 
its application is instantaneous 

In patients with small, deep-seated veins it may be more advantageous to 
mtioduce the needle befoie immobilizing the aim Of couise if a vein m the 
forearm, wrist. 01 back of hand is used this splmt offers added advantages 

The length, the width and the thickness of the splint do not necessarily 
ha\e to be measuied to the tenth ot an inch — w r e aie simply stating the exact 
measurements of oui splint The length of the arm rest and arm extension 
ma\ be about 26 inches, so that the gieatest pait of the arm and forearm 
in the adult come to rest upon it To accommodate the younger patients the 
base board would ha\e to be piopoitionatel) less in length The upright 
should be six to se\en inches m oidei to form about a 45 0 angle The dowel, 
tongue and gioove aie onh a mechanical finesse Oidmarily, simple nailing 
of the parts will suffice The mattress and leathei stiaps wmie added to elimi- 
nate the repeated use of cotton and gauze, as a time-saving device, and also 
as a sanitarj piecaution The mattiess may be covered with oilcloth, thick 
cellophane, or an) other waterproof matenal w'hich can easily be cleansed of 
blood and other fluids 

If a mattress is not desired, the planed and w r axed wooden angulai splint 
when cohered wuth one lajei of gauze provides sufficient padding foi the 
testing aim The advantages of this splmt as we have found it m actual use 
are as follow's* 

(1) It is ready for instantaneous use 

(2) The cramping and stiffness of muscles are reduced to a minimum 
much appreciated by the patients 

(3) It takes the weight off the forearm, thus reducing the muscle fatigue 
after remo\al of the splmt 

(4) Patient has more freedom of action and can turn from side to side 

(5) It is easier to fasten the aim to the splint and the splmt to the bed 
for complete immobilization 

(6) The leather stiaps immobilize the arm and the forearm, thus elimi- 
nating the constant addition of gauze m a given case 

(7) The mattress eliminates the repeated padding with cotton and gauze 
with each successive infusion It is a time-saving device 

(8) In our hands we found that the use of this splmt tends to make an 
intravenous infusion an exact, clean, comfortable, economical and time-saving 
procedure 
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BOOK REVIEW 


Hypertension and Hypertensive Disease By William Goldring, M D , and 
Herbert Chasis, MD New York, The Commonwealth Fund (1944) 

Doctors Goldring and Chasis’ book is a brief but thorough discourse on a subject 
around which an enormous literature has grown In clear, concise and simple language 
the authors encompass the field of hypertension and related nephritis from their point 
of view It is their thesis that hypertension presents a so-called malignant phase only 
because of nephrosclerosis Accordingly, the clinical term “malignant hypertension" 
is mentioned The surgical aspects of hypertension, including the operations of sympa- 
thectomy and splanchnicectomy, are treated briefly On the other hand, there are 
great details 111 the appendices for a student of the subject in its nonsurgical aspects 
fl he book provides an excellent approach to the subject for the student and the physician 

Harold Neuhof, M D 
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REPORT ON IMMERSION FOOT CASUALTIES 
FROM THE BATTLE OF ATTU 

Major Albert Lesser, M C , A U S 
New York, N Y 

“ROM THE SURGICAL BRANCH MCCAW GENERAL HOSPITAL, WALLA WALLY, WASHINGTON 


Two groups of patients with immersion foot have been observed and 
ireated at McCaw General Hospital since June, 1943 The first group con- 
sisted of 25 patients who weie admitted to the hospital with varying degiees 
of sepsis and gangiene of the feet, ai living appi oximately three weeks after 
having been removed fiom combat duty on the island of Attu I he second 
group of patients, numbering 27, consisted of cases admitted here at intervals 
by transfer from the Noithwest Pacific area, with subjective complaints 
of delayed or latent distui bailees of the feet coming on approximately six 
months or moie after exposuie duung the battle of Attu 


GROUP I 

The original gioup of 25 patients admitted shoitly after combat duty 
on the island of Attu will be discussed fiist Nine of these patients were 
evacuated from the scene of action pnmarily because of battle wounds 
(gunshot, shrapnel, etc ) , the remainder were evacuated because of then 
immersion foot condition These soldieis aveiaged about 21 years o a to e, 
had had pievious intensive naming in the maneuveis of just such battle 
conditions as island landings and invasions, similar to conditions which 
they encountered in Attu, and they had been presumably selected for this 
invasion assignment because of then excellent physical condition, qualities 
of endurance and temperament They all traveled to the Aleutians from 
California by submarine or transport, stopping over en 1 onte 01 one a_, 


at Dutch Harbor , . , , 

The men all wore two pairs of socks (one pair woolen) and earned an 
extra pan in their packs They were equipped with rather boots which 

1 , , , , u 0 m„r tLp knee a few of the boots had rubber 

reached to about four inches below tne Knee, d. icw 

soles A group of ten men who came up on submarine were unable to 
change their socks or shoes for about foui days before going into battle because 
of cramped conditions on the submarine and the constant alert status e- 
cause of battle conditions, they were unable to change socks or shoes during 
the action on the island, and, therefore, these men average about ten days 
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without a. change of socks or shoes These ten men were the most severe 
cases of gangienous immersion feet The other 15 men came up on trans- 
ports and weie able to change socks or shoes up to the time of battle 
They aveiaged three to six days without change of socks or shoes during 
their action on the island, they weie the milder cases 

Tic 4A 



Fig 4B 

Fig 4 —Revision — Amputation proximal to metatarsal heads, both feet 


These 25 men were among the advance Scouts of the invasion and went 
from submarine and transport to the island by means of rubber boats 
Their feet and legs became wet almost immediately on landing They had 
been instructed to discard all their equipment on contacting the enemy (6 to 
12 hours after landing on the Island) They were, therefore, all practically 
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without food throughout their stay in action, an average of about six 
days, and they had discarded their extia boots and socks, as well as other 
equipment From what can be ascertained, the temperature ranged around 
35 ° F , and there was practically a constant damp fog The men were 
forced to he in ravines, gullies and foxholes for long periods of time' in 
cramped, inactive positions, their feet and legs usually immersed in cold 
water because of the melting snows Except for an occasional hour or 



Fig s — Right Toot Rciistoit — Amputation at metatarsal heads (first, second, third, 
fourth) and proximal phalanx fifth toe 

Left Foot Proximal to head first metatarsal, at heads second, third metatarsals, 
proximal phalanges fourth, fifth toes 

two, the men received no real physical rest or sleep during their stay 
m action 

Aside from general fatigue, exhaustion numbness and discomfort of 
the feet, these soldiers had relatively little actual pain m the feet or legs 
until the shoes were removed when they w^ere taken out of action Of 
the men with battle wounds, three men had lost large amounts of blood 
Almost immediately after removal of shoes and socks m all cases there 
was an onset of extreme swelling and pain m the feet, and m 6 to 12 
nours there occurred blackish discoloration ot variable portions of the feet 
Gangrene, first drv, then septic, set in The men were removed to hospital 
ships as rapidly as possible (trom 4 to 24 hours) Immediate treatment 
consisted of plasma m some cases, generalized application of warmth, warm 
food and drink and morphine for control 01 pain Local treatment of the 
feet consisted of repeated sprays with some sulfanilamide spray preparation 
tollowed by the application of sterile dressings All cases received sulfanila- 
mide by mouth 
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The men weie evacuated fiom Attu by ship to Barnes Geneial Hospital 
as lapidly as conditions pei nutted, alter a stay ot about four days at Barnes 
Geneial Hospital, the\ veie tiansfened to Me Can General Hospital 
Almost all of the cases weie lunmng a low guide tempeiature with the 
exception of the most sereie cases who um septic elevations of tempera- 
tures The men all appealed physically exhausted Almost all the men 
had blood counts showing loweied led count, loweied hemog-lobm and 
model ate to high leukocytosis Six patients weie given one or more blood 
transfusions shoitl} aftei admission heie All patients weie placed on non 



Fic 6 — Right Foot Revision — Amputation U°^ t a! Jetatarsaf^nd^through proximal 
Left Foot Revision — Amputation at ^ ca ^ t 0 { ot j ier toes, subsequent ampu 
phalanx of second toe Note Severe flexion cortractoms ot nhatenges 
tation — ret isioiis performed through old remaining proximal pnaianges 

high vitamin concentiate theiapy and high calone diet Ten ^ 

25 cases showed little 01 no evidence of gioss tissue oss en 
desquamation or separation of blackish supeificia tissue wiiou 
further surgical piocedu.es Thuty feet .equired immediate d *r denie„l 
of gangrenous, suppurating soft and bon 5 structu.es of both feet of vanaHe 
degree! Seventy of gangrene involved the great toes oteh othe 

toes next in frequency, and the remaradei of the feet next The 'vou <1 

were left rude open for drainage and shm — - 
cation of liquid adhesive and stockinette trac , jf , , rfarptin 

local therapy of the feet consisted of dressings of Aaochlo.amid m tracetn 
activated zme pe.ox.de emulsion, o. normal saline dressings as ‘he intadua 
case required Whei ever possible, the intact skin in the region of the ound 
veas covered with a protective coating of compound tmctu.e of benzoin on 
which was applied a .nurture of zme ox.de ointment and castor oil to prevent 
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irritation fiom the diamage mateiial and antiseptic agents Large, massive 
loose dressings vere applied to msuie piotection from pressuie and to main- 
tain mti msic v armth In all cases the penphei al arterial pulses were of 
excellent quality There was little 01 no evidence of elevation ischemia, but 
theie was considerable bluish mottling of the skin of the feet on dependency 
Only two cases presented marked evidence of peripheral vasomotor disturb- 
ances (palpable coldness, clamminess, hypeiesthesia) on examination at time 
of admission In almost all cases, tissue damage or destruction was con- 
siderably greater on the left foot than on the right There was no apparent 
explanation for this finding 



Fxg 7 — Latex rubber molds used to fill space m distal portion of shoes, after amputation 
re\ision through distal metatarsal region of both feet 


Following initial surgical debridement, the 3° required one or moie 
subsequent surgical procedures for plastic revision and closure of the ■wounds 
of the feet, m all, a total of 64 operative procedures Six feet required 
amputation and revision of the first (great) toes alone, just proximal 01 
distal to the first metatarsophalangeal joint, as local conditions of the tissues 
permitted Eight feet required minor partial amputations of the second, 
third, fourth, and fifth toes in some cases in addition to amputation of the 
great toes Six feet required amputation and revision through the distal 
metatarsal regions Three feet had amputation and revision thiough the 
proximal third of the metatarsal regions One foot had a tai sometatarsal 
disarticulation In all cases of amputation and closure through the metatarsal 
regions skm closure was facilitated by undercutting and advancement of the 
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full-skin thickness One case, uftei debndement thiough the metatarsal region 
of the foot and loss of about two-thuds of the skin on the remaining plantar 
stu face of the foot, lequued a pedicle flap from the opposite thigh to obtain 
a full-thickness skin covenng This was done as a two-stage procedure, 
•md an excellent soft, thick, flap covenng was obtained Four split-thickness 
skin giafts weie peifoimed foi covenng of defects on dorsum of feet Two 
opeiative pioceduies for stiaightemng of rigid flexed toes were done In 
one case revision of all the distal phalanges was done for rigid flexion 
deformities 



Tig 9 — Right Foot Revision — Amputation through proximal phalanx 
fii st toe 

Left Foot Revision — Amputation proximal to first metatarsal head, through 
proximal phalanges second, third, fourth, and fifth toes 

All of the feet healed completely and the patients are walking without any 
difficulty All of the patients were sent home on a convalescent furlough, 
and on letuin weie obseived foi an3 r development of pressure points on 
the feet, wheie piessuie points weie noted, collection was made by proper 
modification of the shoes As soon as patients were healed and ready to 
walk they weie supplied with low quaitei shoes and made-to-measure arch 
suppoits In some cases plastic uibbei prostheses were made to fill up 
space defects in the shoes and to pi event the foot from slipping forward on 
walking In those cases m which theie was loss of a considerable portion 
of the foot, plastei molds were made to peinnt accurate construction of 
piostheses On lesumption of walking these patients have had surprisingly 
little or no discomfoit from wound scars and there has been little edema 
01 othei evidence of impaired penpheial cu dilation (with the exception of 
two cases previously noted) 

Throughout hospital treatment vascular exercises of the lower extremities 
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were conducted thiee times a day in an oigamzed class fashion under the 
direction and supei vision of one of the soldiers As soon as the local condi- 
tion of the extienuties and wounds pei nutted, patients received physio- 
therapy in the f 01 m of whulpool, massage or muscle stimulation as the 
individual case lequued 

All of the oiigmal gioup of 25 patients ueie walking well, without need 
for crutches, cane or any otliei type of support at the time of discharge fiom 
the hospital Those patients who suffeied loss of distal portions of the 
teet involving all 01 any pait of the metatarsals weie able to walk sur- 
prisingly well when, m addition to fitted aich supports, a spung steel 



Fig 10 — After surgical correction of deformity of both second toes 


longitudinal strip w r as incorporated 111 the sole of the shoe In some cases 
a transverse leather bai w f as added to the sole of the shoe, back of the 
metatarsal heads, in place of the transverse arch support usually placed 
inside the shoe This modification seemed to supply a fairly satisfactoiy 
substitute for the “spring” of the metatarsophalangeal joints which is probably 
necessary in the take-off of each step In those feet in which tarsometatarsal 
disarticulation was performed, there was no evidence of distorted tendon 
pull and there was normal stable body weight-bearing on the remnant of 
the foot 

It was noted that soon after getting up and around, many of these patients 
developed evidence of a dermatitis of the feet, probably a manifestation of 
dermatophytosis This condition responded promptly to treatment with 
potassium permanganate foot soaks, application of a boric-salicylic acid 
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foot powder to the feet and socks and shoes, and rigid enforcement of 
proper hygiene of feet, socks and shoes for all the men on the ward 
Two lumbai sympathectomies weie perfoimed for those feet showing 
evidence of severe vasomotoi disturbances, sympathectomy was performed 
prior to final plastic icvision and closure of the feet Surgical healing and 

Fig 11 A 



Fig iiB 

Fig iiA — R ight Toot Revision — Amputation through proximal third 
metatarsal region . 

B Left Toot Revision — Amputation at tarsometatarsal joint, medial 
plantar surface covered by pedicle flap skin graft 

relief from coldness, clamminess and hypeiesthesia has been good Of the 
original group of 25 patients, tvo patients have returned to duty The 
remaining patients have been separated from the service because of their 
inability to continue infantry duty and their lack of any other training or 
qualification which could be utilized in any other capacity 

MICROSCOPIC’PATH OLOGY 

All tissues removed at operations were carefully studied microscopically 
by Major Lawrence C Milstead, Chief 'of Laboratory Branch, and several 
interesting findings characterized these tissues The most prominent feature 
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was a marked generalized fibrosis and collagen deposition Numerous small 
blood -vessels and neives weie seen embedded m this dense fibrous and 
collagenous matenal The suiface epithelium in most sections showed a 
tendency to hypei keratosis Theie was evidence of extensive proliferation 
of the endothelial layers of almost all blood vessels with evidence of attempted 
recanalization of the lumen The smallei aitenes and veins showed almost 
complete obliteration of the lumen and some of the larger vessels showed 
obstruction of the lumen by dense connectn e tissue There was also evidence 



Fig 12 — Right Toot Revision — Amputation through proximal third of first meta 
tarsal, just proMiml to heads of second, third, and fourth metatarsals, with renio\ u of 


“tin metal iiatii t , , r , j 

Left Toot Through mid first metatarsal, and through distal third of second, third, 
fourth, and fifth metatarsals 

of inflammatory round cell and plasma cell infiltration m the pei lvascular 
spaces 


GROUP II 

The second group of patients, numbering 27, consisted of cases admitted 
here at intervals by transfer from the Northwest Pacific area with subjective 
complaints of delayed or latent disturbances of the feet coming on approxi- 
mately six months or more after exposure during the battle of Attu These 
patients came into battle somewhat later than Group I and were subjected 
to somewhat less severe environmental and battle conditions than those 
of the group who suffered severe tissue loss of the feet and who were admitted 
to McCaw General Hospital shortly after the battle The majority of these 
patients complained of aching, burning pam in the toes and varying degrees 
of sweating and cold clamminess of the feet However, mci eased local 
warmth, as well as cold, caused an aggravation of discomfort Lumbar 
sympathetic blocks were performed in all cases with maximum temperature 
response in all, but with variable degrees of subjective relief of discomfort 
during block In 15 of these cases the physical findings and discomfort were 
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minimal and these patients have been letuined to some form of limited 
duty m tempeiate climates not lequmng excessive standing or walking 
In ten cases theie were physical findings of model ate to seveie vasomotor 
distui bailees chaiactenzed by coldness, excessive sweating of the feet, and 
aching m the toes In tlnee cases theie was' evidence of model ate stiffness 
and rigidity of the toes, m addition to model ately seveie vasomotor findings 
In these three cases, study by lumbar sympathetic block indicated marked 
clinical lelief of symptoms duiing block and surgical lumbai sympathectomies 
were subsequently performed in these cases The seven other cases are 
still being obseived at the piesent tune 

The patients who have leceived lumbar sympathectomy have been observed 
postopei atively foi foui months at this writing Although they are con- 
sideiably moie comfoi table as the result of wairn, diy feet, yvith increasing 
physical activity they aie beginning to notice a paitial return of the sub- 
jective complaint of aching of the toes Observation ovei a long period of 
time will be necessaiy to piopeily evaluate tbe efficacy of lumbai sym- 
pathectomy in thebe and othei postunmeision feet with subjective residual 
symptoms of a vasomotoi cbaiactei 

The giadual development of clawtoe defoinuties of the feet in some of 
these cases has been a tioublesome complication Tbe condition can prob- 
ably be explained on the basis of the exaggeiated deposition of collagenous 
and fibioblastic material in the tissues following immersion foot exposure 
with subsequent giadual conti actuies In some cases there was definite 
evidence of a tendency to a congenital clawung of the toes, with aggiavation 
by the immersion foot exposuie Wheie ligicl conti actuie of the toes 
occuiied, with fnction-iuitation fiom the doisal aspect of the shoe, suigical 
pioceduies for sti aightemng of the toes w r eie peifoimed The peiformance 
of lepeated lumbai S) mpathetic block, 01 suigical lumbai sympathectomy, 
had no appaient eftect on the development or piogiess of the clawtoe 
deformities 

The persistence of pam m the toes and feet is probably related to the 
extensive perineuial fibiosis, as demonsti ated in tissue sections With late, 
progressive conti actuie of this penneuial fibrosis, the delayed aggravation of 
pam in some cases may be explained 

COMMENTS 

i The provocative factois involved m the causation of these cases of 
immersion feet aie fan ly w^ell undei stood, and have been encountered in 
many othei military campaigns The most nnpoitant of these factors are 

(a) Increased susceptibility to low^eied environmental temperature (but above 
freezing) as a lesult of mci eased conductivity of the constantly wet skin, 

(b) vascular stasis of the extremities as a lesult of prolonged periods of 
inactivity while lying m foxholes, ravines, etc , (c) The effects of hypo- 
proteinemia and vitamin depletion (from lack of food) on capillary permea- 
bihty , (d) the effects of loss of blood in those patients w'ho were wmunded 

268 



Fig 13 


Volume 121 
Number 3 


IMMERSION FOOT CASUALTIES 


" 1 * 

o 

*-( 

1*4 



n 

X 


O tn 


c w * 

5 n w 

N 

i-s as 

' goi 

O V- 
W X> 

2 S3 

t! ^ 2 
5? 

(U^C > 

Vh 

*12 <D 

Ja 


<u 


w 


‘5 3 

V-> X2 
oj a 

^ § 


.Q 

O 


h T3 

V 

s 2 

;s 

to 




269 



ALBERT LESSER 


Annals of Surgory 
M arch 1945 


The prophylactic measures to be considered are self-evident, but must neces- 
sarily be governed by battle conditions 

2 Most of the tissue injury presumably occuis dui mg this so-called 
“thawing out” period, that is, when the wet shoes or boots were removed, 
there was a sudden flooding or choking of the tissues with fluid Such 
“choking” of tissues of the extremities with fluid is probably related to 
extensive vasodilation, possibly as a result of the accumulation of a toxic 
histamine-like substance in the tissues, as well as the other provocative factors 
of the immersion period Thrombosis of smaller-sized blood vessels is un- 
doubtedly related to the sudden mciease in pressure within the tissues of 
the extremities The extent of tissue necrosis and gangrene is obviously de- 
pendent upon the extent and severity of the choking of the tissues and the 
thrombosis, And the degree of recanahzation of end vessels of the extremities, 
The deposition of large amounts of fibrinogen-rich transudate, collagenous 
and fibrous material is eventually responsible for contractures, hardening, 
and pain in the soft tissues of the feet and toes 

The therapeutic implications are concerned with the prevention or control 
of the severe outpouring of fluids or transudate into the tissues of the 
extremities The measures which suggest themselves are (a) elevation of 
the lower extremities, (b) immediate application (on removal of shoes or 
boots) of piesswe dressing support to the extiemities in the form of Ace 
bandages, gum rubber bandages, Unna’s paste boots, or possibly a light 
plaster encasement, (c) the local application of cold to the extremities, 
(d) the intravenous admimsti ation of Hypertonic agents (plasma, glucose, 
etc ) to control transudation, and (e) the possible improvement of vaso- 
constrictor tone by the use of adrenalin 

3 Careful observations indicate that amputation revisions through the 
feet, as far back as the tarsometatarsal joints, have provided satisfactory 
functional results for standing and adequate walking In standing, the 
preservation of a stable tarsus sustains the mechanical arches of the feet, 
and the ligaments and muscles act to balance body weight on the tarsals 
For walking, mobility at the metatarsophalangeal joints is necessary for the 
spring-hke take-off of each step The use of the spring-steel longitudinal 
strip in the sole of the shoe, and the transverse leather bar on the sole of 
the shoe placed back of the distal ends of the levised metatarsals, have 
materially improved walking Insistence on continual care and hygiene 
of the feet has been stressed 

4 The status of late vasomotor disturbances in these immersion feet 
cases is still indefinite and difficult to evaluate In Group I, the severe 
cases with gangrene and loss of portions of the feet, there were few signs 
and symptoms of latent vasomotor imbalance In Group II, the presumably 
milder cases without any tissue loss, which were received at this hospital many 
months after their original immersion exposure, the incidence of findings of 
vasomotor imbalance was high The reasons for this situation are not clear, 
and may be related to constitutional sympathetic nervous system instability 
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of the individual patients At any rate, therapeutic attempts by repeated 
lumbar sympathetic novocaine blocks m all the cases of Group II, and by 

Fig 17 



Fig 18 

Fig 1 7 — Inflammatory fibrosis of skin, foreign body giant cells 
present (x 64) 

Fig 18 — Collagen replacement in subcutaneous tissue (x 80) 

surgical lumbar sympathectomy in a few cases, have yielded disappointing 
results 

Valuable cooperation and guidance in the management of these cases was rendered 
by Captain William Scoville, Chief of Neurosurgical Section, Major George Waters, 
Chief of Orthopedic Section, and Lt Col O S Harbaugh and Lt. Col J D Lamon, Jr, 
of the Surgical Branch 


271 
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Richard H Sweet, M D 
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The technical advantagfs of the transthoracic approacn are now 
well established in the surgical management of certain cases of carcinoma 
of the esophagus and of the cardia and fundus of the stomach Starting 
with the cases of carcinoma involving the cardia and fundus of the stomach 
or the esophagus close to the cardia, the application of this procedure 
has been extended during the past three \ears to include many cases 
requiring a total gastrectomy and moie recently, by effecting certain 
modifications of the technic of opeiation, lesections with anastomosis have 
been performed high in the chest for the removal of midesophagus lesions 

In general, from the standpoint of the operative technic to be used, the 
cases can be ai ranged in three gioups according to the location of the growth 

(1) Lesions tn the middle half of the thoiacic poition of the esophagus 
These require an esophagectomy with a high intrathoiacic esophagogastric 
anastomosis, either just above or just below the aortic arch (Fig i) 

(2) Lesions ausing in the lozvei esophagus or fundus of the stomach 

In this group the resection includes a portion of the esophagus and a 
relatively large segment of the uppei half of the stomach An esophagogastric 
anastomosis low m the chest is cairied out (Fig 2) (3) Lesions which 

involve the majoi poition of the stomach hut zvhich invade the caidia and 
often the lozver esophagus These requite a total gastrectomy followed by 
an esophagojej unostomy low in the chest (Fig 3) 

The cases m Group 1 present a lather special problem which is dealt 
with in greater detail in another place 1 Those m Gioups 2 and 3 belong 
together under the heading of tiansthoracic gastric surgery With occasional 
modifications of minoi nnpoitance the technics described 111 twu former 
communications were used in these cases 2> 3 Desci lptions of the technics 
of these several proceduies will, therefore, be omitted here 

From 1939, when the first tiansthoiacic gastric resection was performed 
at the Massachusetts General Hospital, until the present (November I, I 944 )> 
127 patients with caicmoma of the stomach or esophagus have been operated 
upon by the transthoracic approach Chart 1 lllustiates the grouping of 
these cases as to location and type of operation performed 

There were 85 cases of carcinoma of the stomach or lower esophagus 
invading the cardia In 24 of these the disease was inoperable and no 

* Read before the New York Surgical Society, December 13, 1944 

272 


Volume 121 
Number S 


RESECTION OF ESOPHAGUS AND STOMACH 



273 



RICHARD H SWEET 


Annals of Surgery 
March 1945 


resection was carried out A resection and anastomosis was carried out in 
61 cases This makes a resectability m the gastric and lower esophagus 
cases of 71 7 per cent (of cases operated upon) Of the 61 cases of resection, 
ten lesions were low 111 the esophagus and 33 were in the fundus or cardia 
of the stomach, making 43 cases of partial resection of the stomach and 
esophagus followed by an esophagogastric anastomosis low in the chest 
In the remaining 18 cases so much of the stomach was involved that a total 
gastrectomy was required In these an esophagojejunal anastomosis was 
performed 

The middle esophageal carcinoma group included 42 cases Of these, 
17 were found to be inoperable In 25 cases a resection was carried out, 
but in only n of these was a high mtrathoracic esophagogastric anastomosis 
performed This opeiation has been in use m this clinic only during the 
past year (1944) Previous to that the Torek operation was used The 
latter was performed in 14 cases These will not be discussed in this paper, 
in which it is intended to deal only with the cases in which an anastomosis 
was performed The resectability foi the entire group of 42 midesophagus 
cases was 59 5 per cent 

Age of Patients Op eiated Upon — Before discussing the complications 
and causes of death following resection, it is important to realize that a 
relatively large propoition of the patients subjected to operation were of 
advanced age Table I gives the number of patients in each decade 

IMMEDIATE RESULTS OF OPERATION 

(A) Inopeiable Cases Explored — Exploration by the transthoracic 
route is a relatively benign procedure if one takes into account the nature 
of the disease and the almost universally poor condition and advanced age 
of the patients operated upon 

Cases were consideied to be mopeiable when metastases were found 
in the lung, the liver, 01 in the peritoneum, or when the primary tumor 
was too adherent or was invading adjacent tissues or oigans excepting the 
spleen or tail of the pancreas which could be removed Regional lymph 
nodes containing metastases were removed in resectable cases along with 
the growth In several cases a resection was performed even when involved 
nodes which were inaccessible had been found The removal of an obstructing 
giowth in such cn cumstances was considered to be justifiable because of 
the palliative relief which was brought about by the operation In general, 
a radical appioach to the pioblem was adopted and any growth which could 
be resected was removed, always hoping to effect a cure but actually 
expecting m the majority of cases a reasonable degree of palliation 

Of the 17 patients with inoperable carcinoma of the midthoracic esophagus 
who were explored through the chest, four died m the hospital The causes 
of death were in one case perforation of the aorta by direct extension of the 
tumor, m two cases mediastmitis from perforation of the growth, and m 
anothei case aspnation pneumonia Of the 24 patients with carcinoma 0 
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the stomach and cardia who were found to have an inoperable tumor, two 
died of pneumonia and one of an undetermined cause There were, there- 
fore, in all, seven postoperative deaths in the total group of 41 patients 
who were explored and found to have inoperable disease. This makes a 
postoperative mortality rate of 19 5 per cent 


Table I 

Art' DISTRIBUTION OF PATIENTS WITH CARCINOMA or THE rSOPIIACUS AND STOMACH WHO WERI OPERATE ) UPON 


Age 

Entire Series 

Resection Cases Onl> 

30-40 

5 

2 

40-50 

23 

17 

50-00 

37 

28 

60-70 

35 

20 

70 

13 

7 

Unknown 

14 



(B) Cuses of Resection and Anastomosis — Although the total group 
of radical operations numbers 86 cases, as was pointed out above, the 14 
cases of nndthoiacic esophageal caicmoma 111 which the Torek operation 
was used aie not included in this communication because of the entirely 
different technical problem involved and because the Torek procedtue lias 
been supplanted in all lecent cases by resection and high esophagogastnc 
anastomosis Confining ourselves, therefoie, to the radical lesections fol- 
lowed by some foim of anastomosis, 72 cases are available foi study Chail 2 
summarizes the lesults of this expenence 

There weie 43 cases of caicmoma of the lowei csopnagus 01 of the fundus 
of the stomach invading the cardia 111 which a Jow esophagogastnc anastomosis 
was perfoimed Eight of these patients died in the hospital (186 per cent) 
Of the 18 patients upon whom a total gastiectomy ivas performed, seven 
died in the hospital (388 pei cent) In the midesophagus carcinoma group, 
where an anastomosis was peifoimed, theie w r eie thiee deaths among n 
patients (272 per cent) Thus, of the entue gioup of 7 2 cases of ladicai 
resection followed by anastomosis, 18 patients died postoperatively dbe 
over-all postoperative moitality late therefoie, w^as 250 per cent Table 
II, which supplements Chait 2, indicates that of those who recovered follow- 
ing radical resection and anastomosis theie w r ere 13 patients whose con- 
valescence was marred by complications of one soit 01 another The total 
number of patients who manifested postoperative complications, obtained 
by adding together the number of deaths and the number of complicated 
cases ending in recovery, was 31, or 43 per cent The total numbei of 
recoveries without complications w r as 41, or 67 per cent 

ANALYSIS OF THE COMPLICATIONS OCCURRING AFTER RESECTION 

Table III gives a list of the principal complications which were lecog- 
mzed clinically or at autopsy It must b6 remembered that in many cases 
several different complications occurred in the same patient so that the 
sum of the complications is greater than the total number of complicated cases 
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manifestations of infection — Empyema was observed m eight cases 
It was a contributing cause of death in five of the patients who had a total 
gastrectomy In all of these there was widespread sepsis with peritonitis, 
mediastimtis, or septic embolism, and the empyema was merely one aspect 


Table II 



IMMEDIATE RESULTS 

OF OPERATION 

Recovery 

Recovery 




with 

without 


No of Cases 

Deaths 

Complications 

Complications 

Low esophagogastric anastomosis 

43 

8 

10 

25 

Total gastrectomy 

18 

7 

2 

9 

High esophagogastric anastomosis 

11 

3 

1 

7 

Entire group 

72 

18 

13 

41 


of the generalized infection It occurred in three cases of resection of the 
cardia and fundus followed by a low thoracic esophagogastric anastomosis 
All were operated upon before the year 1942, at a time when sulfanilamide 
was being used locally in the chest and before catheter drainage of the left 
pleural cavity was used routinely in all cases Since then there have been 
no cases of empyema except m the total gastrectomy group All three of 
these patients recovered after suitable drainage of the empyema was effected 
by rib resection 

Mechastmitis was recognized in four patients, as proven by autopsy 
examination It may have occurred in others who recovered or upon whom 
no autopsy was performed It was usually accompanied by other evidences 
of infection 

Peutonitis , as mentioned above, was found at autopsy m five patients 
who died of overwhelming sepsis after total gastrectomy 

Major zvound sepsis occurred in two cases In one of these there is 
little doubt that the patient’s life was saved by the use of penicillin The 
organism in this case was staphylococcus aureus 

Acute parotitis occurred in three cases, but in all of these the patient 
survived In none was the patient extremely ill All were bilateral 

cardiac disorders — Table III enumerates the kinds of cardiac disorders 
encountered Disturbances of rhythm without other cardiac signs were 
relatively infrequent, four cases m all In three of these auricular fibrillation 
occurred and digitalization was of benefit Auricular flutter occurred m one 
case and was of alarming seriousness It was finally controlled by the 
administration of quinidme Congestive failure of the heart was the principal 
or at least a major contributing cause of death m six patients The majority 
of these had other complications as well, mostly sepsis A diagnosis ol 
myocardial infarction was made in three cases 

pulmonary embolism — Massive pulmonary embolism occurred in four 
cases, representing an incidence of 5 S P er cen t ^ w0 ^ ese sudden death 
resulted In neither case was there any evidence of venous thrombosis m the 
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legs. One patient died while on her way to the front door of the hospital 
on the day she was to be discharged The other died sitting m a chair the 
day before it had been planned to send her home In the two other cases 
massive pulmonary emboli weie found along with other complications when 

Table III 


ANALYSIS OF COMPLICATIONS WHICH DEVELOPED IN 72 PATIENTS IN WHOM A RESECTION WAS PERFORMED 



Low 

High 

Total 


Per 


Anastomosis 

Anastomosis 

Gastrectomy 

Summary 

Cent 

Empyema 

3 

0 

5 

8 

11 1 


(no deaths) 


(all died) 




(2 operated upon) 




Mediastimtis 

2 

1 

1 

4 

5 5 

Peritonitis 

0 

0 

5 

5 

6 9 

(usually with empyema, often with 





mediastimtis) 






Major wound sepsis 

1 

1 

0 

2 

2 8 

Acute parotitis 

2 

0 

1 

3 

4 2 

Cardiac disorders 






Auricular fibrillation 

2 

1 

0 

3 

4 2 

Auricular flutter 

1 

0 

0 s 

1 

1 4 

Congestive failure 

3 

2 

1 * 

6 

8 3 

Myocardial infarction 

1 

2 

0 

3 

4 2 

Pulmonary embolism 

1 

0 

3 

4 

5 5 

Thrombophlebitis of femoral vein 






(requiring ligation) 

0 

0 

2 

2 

2 8 


an autopsy was pei formed In one of these the patient was so ill because 
of sepsis, including empyema and peritonitis, that he would have died even 
if he had not suffeied the embolism Although pulmonary embolism was 
probably the immediate cause of death, this case was included m the group 
of deaths from sepsis In none of these cases of pulmonary embolism was there 
warning beforehand or time enough after the embolism occurred to tie the 
femoral veins 

thrombophlebitis of the femoral vein requiring bilateral superficial 
femoral vein ligation occurred in two cases 

CAUSES OF DEATH AFTER OPERATION 

In the entire series of 72 radical lesections followed by some form of 
anastomosis (thus excluding the Torek operations) 18 postoperative fatalities 
occurred The distribution of these fatalities according to the type of 
operation performed is shown in Table IV 

In the 18 fatalities an exact anatomic diagnosis of the cause of death 
was obtained by postmortem examination m 1 1 cases In most of these 
there were several complicating factors, but m each it was possible to determine 
the principal cause In the remaining seven cases the clinical diagnosis 
unconfirmed by autopsy is given 

Table V illustrates the principal causes of death arranged according to 
the type of operation performed For the sake of brevity, in all those 
cases where the chief cause of death was infection of some type, the cause 
of death is ascribed to sepsis In the majority of these there uas widespread 
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ovei whelming infection including often in the same case empyema (frequently 
bilateial), mediastmitis, peritonitis, pericarditis, septic infarcts of the liver, 
panel eatitis, and other foci As was mentioned above, although massive 
pulmonaiy embolism occuued in four cases, it was thought to be the 
pi incipal cause of death m only thiee In the fourth case the embolism 
was piobably the teimmal event in a patient who was almost certain to die 

Tahi r IV 

i osi orrRAT i VI MOKTAI n v or TiiRrr mrsoi orrRA noN in 72 cases or carcinoma or the esophagus 

CAKPIA OR STOMACH 



No of Cases 

No of Deaths 

Per Cent 

Resection with low esopliagogastrostomy 

43 

8 

18 6 

Resection, with high esophagogastrostomy 

11 

3 

27 3 

Tota' gastrectomy, with esoplngojejunostomy 

18 

7 

38 9 

Entire senes 

72 

18 

25 0 


of sepsis In the remaining cases the chief cause of death could almost 
ceitamly be ascnbed to congestive cardiac failure (three cases) or to myo- 
caidial infaiction (two cases) 

The numbei of cases manifesting complications is too small to make 
any significant coil elation between the type of opeiation or the location of 
the tumoi and the natuie of the complications which might occur In the 
cases of caicinoma of the stomach lequuing total gastrectomy, however, there 
was a much highei incidence of seveie sepsis than m the other cases This 
may have been the lesult of technical faults, but it would seem more likely 
that it was due to the fact that these patients were in a more depleted 
nutntional state than those who had less involvement of the stomach During 
the past two yeais greatei emphasis has been put upon the details of pre- 
opeiative prepaiation of the patient and, pbssibly as a result of this, less 
tiouble has been encounteied 

COMMENTS REGARDING IMPROVEMENTS IN THE IMMEDIATE RESULTS 

OF OPERATION 

Chait 3 serves to illustrate the fact that as a result of accumulated 
experience and the establishment of a now fairly standardized routine of 
pieoperative pieparation, operative technic, and postoperative care, the 
relative frequency of complications after operation and the percentage of 
postoperative deaths have fallen, especially during the years 1943 an< ^ *944 
Starting m 1939 with one operation, the number of radical resections has 
increased rapidly each year so that thus far in ten months of 1944 there 
have been 34 cases At fust, the number of cases attended by complica- 
tions or lesaltmg m death was roughly parallel with the fotal number of 
cases (Chart 3) But during 1943 an d I 944 there has occurred a progressive 
decrease in the complicated or fatal cases and a relative increase in the 
survivors with or without complications This reduction in the rate of 
occurrence of postoperative complications, whether fatal or not, cannot be 
ascribed to the operation of any one factor in the management of these 
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cases It is more certainly the result of the benefits resulting from the 
accumulation of expenence with the difficult pioblems which aie presented 
In the early cases the pieopeiative preparation was not so intensive or so 
piolonged, and did not include the intravenous use of ammo-acid preparations 



number of deaths each year 

or the administration of sulfadiazene The technic of operation has been 
modified very little, but now includes such things as the omission of the 
use of clamps on the esophagus, the utilization of loutme drainage of the 
chest, and the avoidance, if possible, of splenectomy In the postoperative 
care a much more thoroughly standardized pi ocedure is followed A summarj 
of the factors which are considered of primary importance in the management 
of these cases follows 

(A) preliminary preparation or the patient — (i) Prolonged pre- 
operative hospitalization of the patient (one to three weeks) to provide for 
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physical rest and thorough clinical and laboratory study to evaluate the 
patient’s condition 

Table V 

* 

CAUSES OF DEATH FOLLOWING RESECTION AND ANASTOMOSIS 


ARRANGED ACCORDING 

TO TYPE OP 

OPERATION 



• 

Sepsis 

Congestive 

Failure 

Pulmonary 

Embolus 

Myocardial 

Infarction 

Summary 

Resection, with low esophagogastric 

anastomosis 

4 

3 

1 

0 

8 

Resection, with high esophagogastric 

anastomosis 

1 

0 

0 

2 

3 

Total gastrectomy with 

esophagoj ej unostomy 

S 

0 

2 

0 

7 

Entire series 

10 

3 

3 

2 

IS 


(2) Transfusion of whole blood sufficient to restore the results of photo- 
hemoglobin determination to a normal level 

(3) Administration of a high protein, high carbohydrate diet This m 
the obstructed cases must often be almost entirely liquid , for those who 
can take solid food a well-balanced diet is prescribed 

(4) Exhibition of large doses of ascorbic acid (ioo to 1000 mg ) per day 

(5) Exhibition of vitamin B-complex, usually in liquid form 

(6) Digitalization m those with auricular fibrillation and in certain very 
elderly patients 

(7) Routine administration of sulfadiazene, one gram every four hours 
for 48 hours preceding the day of operation 

(8) Preliminary jejunostomy for feeding in a few patients who cannot 
swallow an adequate liquid or semisolid diet 

(B) conduct of the operation — ( I ) The use of intratracheal positive 
pressure inhalation anesthesia (ether and oxygen) 

(2) Routine complete expansion of the lung by the anesthetist every 20 
to 30 minutes during the progress of the operation 

(3) Transfusion of blood during the operation This is started as soon 
as the skin incision is made and two or three pints of blood are administered 
during the course of the piocedure 

(4) Use of silk technic throughout, including the anastomosis 

(5) Avoidance of tying large masses of tissue 

(6) Scrupulous hemostasis and particular care to avoid the development 
of hematomata in the mesentery or walls of viscera 

(7) Avoidance of trauma to tissues, no clamps on the esophagus, no 
clamps for the anastomosis, no utilization of the cautery 

(8) Avoidance of splenectomy when possible, (to prevent the develop- 
ment of splenic vein thrombosis and subsequent hepatic emboli) The 
spleen must be removed (a) if torn, (b) if adherent to the growth or if the 
growth invades the tissues around the splenic vessels , and (c) if it will l ie 
in the way of the anastomosis (especially in those cases in which an 
esophagojej unostomy is performed) 
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( 9 ) Avoidance of the local utilization of sulfonamides, which would pre- 
dispose to the development of empyema 

(10) Routine insertion of catheter for dosed system drainage of the chest 

(11) Levin tube left with tip just above but not through the anastomosis 

(C) postoperative care — ( i ) Routine use of oxygen tent for 24 hours, 
or sometimes longer 

(2) Removal of Levin tube on the day after operation 

(3) Removal of chest drainage tube 48 to 72 hours after operation, 
depending upon the amount of drainage 

(4) Careful clinical observation twice each day to detect particularly/ 

(a) Tension pneumothorax 

(b) Fluid in the chest 

(c) Evidence of mtrapulmomc disease (collapse or pneumonia) 

(d) Cardiac arrhythmias 

(5) Aspiration of the chest if fluid is suspected 

(6) Routine portable chest roentgenogram on the 5th day, or at any 
other time if indicated 

(7) Daily administration of intravenous alimentation and medication 
of water with glucose or salt as indicated , ammogen if protein is low, vita- 
mins (ascorbic acid, riboflavin, thiamine, and nicotinamide) 

(8) Oral feeding, begun on the 5th day, of water (one ounce) every hour, 
with a gradual increase in the amount and kinds of nutritious fluids and later 
soft solids, depending upon the toleration of the patient 

(9) Patient allowed out of bed on the 4th to 7th day 

(10) Sulfadiazene, five grams daily, continued for five days, or longer 
if necessary, to be omitted if signs of toxicity occur 

(11) Bilateral superficial femoral vein ligation and division if signs of 
deep phlebitis develop or after sublethal pulmonaiy embolism is detected 

END-RESULTS AFTER RADICAL RESECTION FOLLOWED BY ANASTOMOSIS 

Reference to Chart 2 demonstrates that of those who survived the opera- 
tion some are already dead because of metastases or recurrence of the disease , 
a few are alive with recurrent disease , and some are apparently well The 
seven survivors following resection of carcinoma of the midthoracic esophagus 
followed by a high esophagogastric anastomosis are all apparently well, but 
all were operated upon less than one year ago, so that one cannot attach 
much significance to their apparent good results More of the total gastrectomy 
cases occurred long enough ago to give some impression of the end-result 
But the largest and longest surviving group is composed of those who had 
resections of the cardia with a low thoracic esophagogastric anastomosis 
Table VI gives the results to date m the 35 survivors after resection of the 
cardia with low esophagogastrostomy and the 11 patients who survived after 
total gastrectomy 

In the former group, 13 patients have been operated upon less than 
one year Of these, three already show evidence of recurrent or metastatic 
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disease Seven of the 35 patients died less than one yeai after opeiation 
Fifteen patients suivived one year, 01 longer But of these, one is alive, with 
recuirence, and foui died fiom one yeai to 18 months after operation Eight 

T \m 1 VI 


3 5 cases or 

RESrCTION or 

CARCINOMA OP CARDIA 

1 1 CAsrs or totai 

r astrectom\ 


Alive 

Alive, 

Died of 

Alive 

Alive 

Died ol 

Time Elapsed 

and 

with 

Recur- 

and 

with 

Recur 

after Operation 

W'ell 

Disease 

rence 

Well 

Disease 

rence 

f ess than 6 months 

5 

0 

3 

5 

0 

0 

Six months to 1 year 

5 

3 

4 

1 

1 

2 

1 year to 18 months 

2 

1 

4 

2 



1 8 months to 2 years 

2 

() 

1 




2 to 3 years 

2 






1 to 4 years 

2 






4 to 5 years 

Ovei S years 

1 


1 

1 

1 




Total 

19 

4 

n 1 

8 

1 

l 


patients survived moie than iS months One died befoie the expiration of 
two years, and two aie alive and well a compaiable length of time Two 
patients are well between two and thiee years postoperative Only three 
are alive and apparently veil tlnee 01 moie yeais aftei operation One of 
these, the fust case of the entue senes, is well aftei five years 

Obviously, too little time has elapsed since the opeiation m the majority 
of cases to get any accuiate impiession of what the end-results from the 
standpoint of suivival aie to be They will no doubt be disappointing if one 
expects to cuie these patients But the impoitance of the operation as a 
method of palliation cannot he stressed too much A large peicentage of 
these patients befoie opeiation cannot swallow enough food, to keep from 
starving The happiness which lesnlts from being able to > eat again is 
truly pathetic in many instances Fuithermoie, one should 1 remember that 
not long ago the gieat majority of patients with carcinoma m the esophagus 
or cardiac end of the stomach would have been lefused the benefit of surgery 
because lesions 111 these locations ■were considered by the majonty of surgeons 
to be mopeiable As a ieoult of these factois I have adopted the policy ol 
lesecting eveiy growth that can be lemoved even if the operation must be 
exceedingly lachcal, such as when it is necessaiy to remove a portion of 
the diaphragm, the spleen, the tail of the pancreas, or even portions of the 
left lobe of the livei If aftei such radical surgeiy the j^atient is relieved 
of his obstruction and can swallow satisfactorily again, if only for six months 
to one yeai, the operation should be consideied worth while 
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SELECTION OF THE TIME FOE GRAFTING OF SKIN TO 
EXTENSIVE DEFECTS RESULTING FROM 
DEEP THERMAL BURNS 

H J McCorkle, M D , and Henry Silvani, M D 

Sax’ Fraxcisco, CALir 

FROM THE DIVISION OF SURGERY , UNIVERSITY or CUirORMA MEDIC\L SCHOOL SAN TRANUSCO CA! II 

Large areas that have been deeply burned should be covered with 
epithelium by means of skin giafts at the eaihest suitable oppoitumty It j c 
necessary, howevei, to wait until shock, alteiations in bod)'' pioteins, fluid 
and electiolyte balance, lenal function, edema “toxemia,” etc, have been 
controlled Also, it is desuable to delay the giaftmg until the epithelium 
has been lestoied spontaneously to all aieas of second degiee bum To 
wait for laige full-thickncss defects to epithelize, howevei, even though 
thejr contain small viable epithelial islands that eventually might spread to 
cover the aiea, is usually unwise Giaftmg should be done eaily enough 
to avoid the period of debilitation so often associated with the presence of 
large gianulating aieas se\eial weeks attei a seveie bum Such areas are 
prone to become infected, bleeding, exuding and painful, and lead to 
extensive loss of piotem and othei senous nutntional deficiencies, sepsis, 
emaciation and poor moiale Maintenance of nutrition, ivith particulai 
reference to a diet high in piotem and vitamin C, is essential, especially if 
early skin grafting is contemplated Though eaily grafting may be done suc- 
cessfully m the piesence of nnld localized infection, extensive, spieading or 
disseminated infection must be conti oiled befoie deeply burned aieas can 
be covered with skin Infiequent diessings done with aseptic piecautions 
and supplemented by chemotheiapy are valuable adjuncts in controlling or 
minimizing infection 

It is difficult to designate an” exact time that will satisfy all of these 
requirements Some time between the foui teenth and tw enty-first days after 
the burn often will be found to fulfill most of them The most difficult 
problem m this particular period is the lemoval of the burned tissues 
from those which are viable, m order to obtain a suiface suitable for the 
application of skin grafts Many weeks aie likely to be lequired for the 
autohzation or spontaneous casting off of the tissue desti oj ed by the burn 
The elimination of such tissues has been hastened somewhat by employing 
chemicals such as Dakin’s solution and moie recently b) the use of enzymes 3 - 
or the pyruvic acid method 2 An alternative method is their removal by 
surgical excision 1 - 4 - 6 This should be done m a fully equipped operating 
room, prefeiably at some tune between the second and third weeks following 
the burn The piocedure of excision of burned tissues and early skin grafting 
may be used both for burned patients tieated initiall) with a compression 
type of dressing and those upon whom coagulum-pi oducmg drugs such as 
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tannic acid-silver nitrate or the dyes were used A general anesthetic is 
required 

The burned area and surrounding skm are cleaned thoroughly with a 
detergent solution and draped with sterile linens The proposed donor areas 
are prepared similarly, but separately All necrotic tissue is excised, pre 
serving as much viable tissue as is possible The oozing of blood may 
be considerable, but is not dangerous if it is kept under control continually 



I N Male Age G>ctT*necL by bol coffee 
Hospital slay 7 weeks 

Fig i 


by pressure applied with warm saline sponges Occasionally a few ligatures 
may be required to control actively bleeding vessels During the dissection 
of coagulum and nonviable tissue care must be taken to minimize injury 
to remaining viable tissues This dissection is difficult and slow It is prefei - 
able to apply skm grafts at the same operation if the condition* of the 
patient permits, but occasionally it may be necessary to delay for a few 
days before placing the grafts at a second operation 

Skm grafts of intermediate thickness are removed from donor sites, using 
the Padgett or Blair method, and are fixed to the denuded areas with cotton 
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sutures If the available donor sites do not provide enough grafts to 
cover the deficient areas completely, the grafts aie cut into small squares 
(“postage stamps ’), from i 5 to 2 cm m size, and are placed as near to 
one another as is possible over the entire defect, but they are not sutured 
Donor and giafted areas are coveied with a single layer of fine-mesh gauze 
impregnated with a grease base containing a bland antiseptic ointment and 
voluminous compression diessings are applied. In children or m adults 



ET Female A^e S. Dress c.a.Lxglryt on lire 
Mospiba-L sba.v IS. weeks 

Fig 2 

with burns near joints a light plaster covering may be placed over the 
compression dressing If possible, the ongmal dressings are left m place 
for two weeks following the grafting procedure, if it becomes necessary to 
remove them earlier, the procedure should be done m the operating room, 
and a compression dressing should be reapplied at once 

Usually the areas that were fully covered with grafts will be healed by 
about the fourteenth day, but “postage stamp” areas require longer periods 
for complete epithelization and should be redressed until they are entirely 
healed Occasionally supplementary skill grafting may be required Grafted 
areas must be protected from injury for several neeks or months 

Over a period of one year (July 1, 1942, to June 30, 1943) patients who 
suffered deep burns of the skm of various paits of the body were treated 
as described above The burned surfaces were debrided and grafted with 
skin (during the second or third week) after the injury The burns -varied 
in extent from two to 32 per cent of the body surface The total period 
of hospitalization tor this gioup of patients varied from five to 12 weeks 
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and averaged six and one-half weeks Figures i to 5 indicate the location 
and extent of the mjuiy in some of these cases 

Apparently, early giaftmg of skm following extensive deep burns mini- 
mizes conti actuie and defonmty Some patients will need no additional 
procedures, but otheis will require plastic collection of conti actuies that 
have resulted in spite of eaily giaftmg For such patients the early closuie 
of bum wounds by the application of grafts of intermediate thickness ptobably 
will peimit eailier plastic repair 




RM Male Age ^13 Burned when bed. caught on five 
Hospital .stay 8 weeks 

Fig s 

SUMMARY 

A period somewheie between the second and third weeks after an 
extensive deep thermal bum is likely to prove the optimum time for excision 
of nonviable burned tissues and the immediate application of skm grafts 
of intermediate thickness The dissection is difficult and small amounts of 
viable tissues may be removed inadvertently On the other hand, morbidity 
is reduced considerably, and recovery apparently is earlier 
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THE INFLUENCE OF LOCAL TREATMENT OF BURNS 

ON LIVER FUNCTION 

H Saltonstall, MD,J Walker, Jr , M D , J E Rhoads, M D , 

and W. E. Lee, MD 

WITH THE TECHNICAL ASSISTANCE OF MARGARET VANDERAU AND KATHERINE CROWLEY 

Phil \DELi*niA, Pa 

The relation or local treatment of burns to hepatic damage has 
been approached m the past eithei by animal experiments 1 ’ 2> 3 or by a study 
of the pathologic changes found m fatal cases at autopsy 4 

The present stud} r has been concerned primarily with the functional 
changes m the liver Most of the patients studied survived It is important 
not only to determine the eftect on liver function of tannic acid but also 
of other tanning agents Two other questions are of considerable interest 
First, is the hepatic damage following the use of tannic acid locally a cause 
of increased mortality ? Second, is the hepatic damage following burns 
entirely due to therapeutic agents used in the local treatment of the burned 
areas ? 

Plan of Study — Burned patients admitted to the Pennsylvania Hospital 
on the service of Dr W E Lee had been the subject of intensive study for 
several years, 5 ’ 0 and preliminary observations on liver function tests were 
reported m 1940 5 From September 1, 1941, to December 31, 1942, a study 
on the use of adrenal cortical extract in burn theiapy 7 was earned out under 
an Office of Scientific Research and Development contract The clinical 
material was made available by seven Philadelphia hospitals This work 
was done entirely on patients v hose burns were tieated locally either with 
tannic acid or one of the other tanning agents From January 1, 1943, 
until June 30, 1944, a study directed primarily at liver function was carried 
out under an Office of Scientific Research and Development contract on a 
group of patients admitted to 11 hospitals m the Philadelphia area, and most 
of these patients were tieated locally with petrolatum gauze and pressure 
dressings 

The four liver function studies used in this work were not done on many 
of the earlier patients but van den Bergh determinations were followed m 
most of them and the group studied in 1943-1944 provided a good opportunity 
to compare the results of the four liver function tests on a large number 
of patients It was found that the results of diffeient tests 111 a given patient 
"ere often at variance but that a combination of the van den Bergh test, 
the bromsulphalem retention the hippunc acid conjugation test and the 
cephahn flocculation test gave an index that was fairly veil correlated with 
the results of the van den Bergh test (Chart 1) 

Methods — Blood specimens were collected in Sanford-Magath hematocrit 
tubes with small amounts of povdeied heparin or sodium oxalate The tubes 
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LIVER 

FUNCTION 

% Area 

Patient 

Age 

Eurned 

C A 

9 

65 

T A 

S 

25 

A L 

SO 

40 

E S 

14 

18 

M H 

12 

20 

P M 

56 

15 

E R 

40 

15 

R V 

6 

15 

R D 

50 

40 

E F 

3 

35 

0 B 

17 

40 

B A 

35 

15 

R B 

42 

20 

R B 

6 

15 

R M B 

4 

25 

C E 

33 

25 

R C 

37 

70 

J P 

44 

15 

J P 

23 

20 

W M 


20 

L H 

66 

50 

M K 

19 

90 

G S 

4 

15 

J G 

23 

22 

H G 

63 

15 

A W 

38 

20 

H Me 

27 

16 

P G 

55 

45 

L M 

13 

20 

F H 

40 

40 

N C 

8 

15 

T K 

39 

90 

I M W 

1 

35 

L VV 

22 

22 


Table I 

TESTS IN PATIENTS TREATED WITH 


Local Treatment 

Surv iv al 

Tannic acid 

Died 

Tannic acid 

5th day 
Yes 

Gentian violet 

Died 

Silver nitrate 

4th day 

Tannic acid 

Yes 

Tannic acid 

Yes 

Gentian violet 

Yes 

Silver nitrate 
Gentian violet 

Yes 

Silver nitrate 

Tannic acid 

Yes 

Sulfathiazole 

Yes 

ointment 

Gentian violet 

Yes 

Silver nitrate 

Tannic acid 

Died 

Gentian violet 

5th day 

Silver nitrate 
Gentian violet 

Yes 

Silv er nitrate 
Petrolatum 

Yes 

Triple dye 

Yes 

Pickrell s solution 

Yes 

Tannic acid 

Yes 

Silver nitrate 

Tannic acid 

Died 

Silver nitrate 
Gentian violet 

Yes 

Gentian violet 

Yes 

Gentian v lolet 

Yes 

S lver nitrate 

Gentian violet 

Died 

Silver nitrate 

40th day 

Tannic acid 

Died 

Silver nitrate 

3rd day 

Gentian violet 

Yes 

Silver nitrate 

Gentian violet 

Yes 

Silv er nitrate 
Petrolatum 

Yes 

Sulfathiazole 

Triple dye 

Yes 

Tannic acid 

Yes 

Gentian violet 

Triple dj e 

Died 

Tannic acid 

8th day 
Died 

Tannic acid 

6th day 
Died 

Gentian violet 

20th day 
Yes 

Silver nitrate 

Triple dye 

Died 

Gentian violet 

19th hour 
Yes 

Silver nitrate 

Gentian v lolet 

Yes 


TANNING METHODS 

van den % Bromsul Hippurie 
Eergh rhalein Acid 

1 0 

0 7 24 1 22 

4 8 

0 5 
0 7 

0 7 

'1 8 

1 2 

0 5 

1 5 


16 8 



0 9 


3 98 

0 6 



5 4 



0 1 


trace 

2 3 

33 

3 17 

1 2 

4 

4 00 

1 2 

17 

2 09 

2 0 

17 

1 47 

0 4 

10 

2 46 

2 9 

10 



13 0 
0 3 

08 4 2 04 

0 7 

1 2 
1 4 

1 3 

11 0 

1 0 

0 3 
4 9 

1 0 

1 3 2 99 
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were centrifuged within an hour of taking the blood and the supernatant 
plasma drawn off 

Serum bilirubin levels were determined by the indirect van den Bergh 
leaction, 8 ' 9 using potassium permanganate solutions as the colorimetric 
standard These determinations were run within ten hours of the taking 
of the blood, and in all cases the seium or plasma was removed from contact 
with the cells within one hour 

Table II 


ARBITRARY VALUES USED IN GRADING THE SEVERITY or LIVER DAMAGE ACCORDING TO THE VARIOUS TESTS 



van den Bergh 

Bromsulphalem 
% Retention 
at 30 Minutes 

Cephahn 

Flocculation 

Hippunc 

Acid 

Conjugation 

Grade I 

Up to 0 5 mg per 100 Ml 

Up to 2 

0 

1 0 Gm or above 

(normal) 

Grade 2 

0 5—1 0 mg per 100 Ml 

2-5 

1 plus 

1 0-0 85 Gm 

(mild damage) 

Grade 3 

1 0-2 0 mg per 100 Ml 

5-15 

2 plus 

0 85-0 75 Gm 

(moderate damage) 

Grade 4 

Above 2 0 mg per 100 Ml 

Over 15 

3 or 4 plus 

Less than 0 75 Gm 


(marked damage) 

The ability of the livei to excrete bromsulphalem was measured 10, 11 
A standard dose of 5 o mg per kilogram of body weight was injected intra- 
venously One-half hour later a specimen of blood was withdrawn from a 
vein othei than that used for injection of the dye to avoid error due to adsorp- 
tion of bromsulphalem by the intima of the vessel 

The ability of the livei to conjugate the benzoic acid with glycine was 
measured aftei the method of Quick 12, 15 Immediately after the patient had 
voided, I 77 Gm of sodium benzoate in 20 cc of solution -was injected 
intravenously ovei a five- to ten-minute penod of time One hour later the 
urinary output of the hour was collected In occasional patients the oral 
route of administration was used, giving 6 Gm of sodium benzoate orally in 
30 cc of water and collecting the urine for the succeeding four hours 
The cephahn flocculation of serum was determined, as outlined by 
Hanger 14 > 15 

Carboxyl nitrogen, representing the ammo-nitrogen of the alpha amino- 
acids, was determined on plasma, following the method of MacFadyen 10 
Plasma pioteins were measured by the falling-drop determination of 
specific gravity, as described by Barbour and Hamilton 17 Some protein 
concentrations and the albumin-globulm ratios were determined by the biuret 
method 18 19 

Results — In the series of 38 patients studied prior to 1943* 34 were treated 
with tanning methods locally Serum bilirubin levels were determined by 
the van den Bergh test m all these cases, and the results are presented m 
Table I, as well as a few determinations of liver function by other means 
Owing to the fact that the tannic acid treatment had been replaced by othei 
methods of treatment we have not had an opportunity to add to the tannic 
acid series since January 1, 1943 The 24 cases treated m I 943 > presented 
m Table III, and the 23 cases treated in 1944 (Table IV) have been treated 
with open methods 
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The results of the tests of liver function on the 1943 series (Table III) 
were combined into an index of liver function by arbitrarily grading the 
maximum aberration from normal found by each test in a given case in 
accordance with the schedule in Table II These grades or ratings were then 


Table IV 

RESULTS OF LIVER FUNCTION TESTS 
(1944 - Patients) 


No 

Patient 

Age 

% Area 
Burned 

Local Treatment 

Survival 

van den 
Bergh 

1 

G S 

11 

18 

Saline 

Yes 

0 2 

3 

J L 

6 

15 

Saline 

Yes 

0 6 

4 

A H 

46 

30 

Petrolatum and pressure dressings 

Died 

0 8 

S 

w C 

38 

25 

Petrolatum and pressure dressings 

11th day 
Yes 

1 5 

6 

I M 

38 

18 

Petrolatum and pressure dressings 

Yes 

0 3 

7 

V Y 

42 

55 

Petrolatum and pressure dressings 

Died 

4 0 

8 

D D 

50 

15 

/ 

Petrolatum and pressure dressings 

62nd day 
Yes 

0 1 

10 

E E 

6 

30 

Petrolatum and pressure dressings 

Yes 

1 0 

11 

M B 

50 

35 

Petrolatum and pressure dressings 

Yes 

0 3 

12 

D G 

27 

35 

Petrolatum and pressure dressings 

Yes 

1 2 

19 

C C 

44 

45 

Triple dye 

Died 

2 1 

21 

M C 

28 

30 

Petrolatum and pressure dressings 

4th day 
Died 

0 3 

25 

M V 

50 

30 

Petrolatum and pressure dressings 

4th day 
Yes 

0 3 

26 

T S 

22 

18 

Open 

Yes 

0 8 

27 

J s 

4 

18 

Petrolatum and pressure dressings 

Yes 

0 2 

28 

R P 

60 

15 

Petrolatum and pressure dressings 

Yes 

0 3 

33 

J N 

58 

20 

Petrolatum and pressure dressings 

Yes 

1 0 

34 

E W 

42 

20 

Petrolatum and pressure dressings 

Yes 

0 7 

36 

J G 

60 

60 

Petrolatum and pressure dressings 

Died 

0 7 

37 

E H 

58 

75 

Petrolatum and pressure dressings 

1st day 
Died 

0 3 

38 

D Q 

43 

40 

Petrolatum and pressure dressings 

1st day 
Died 

0 3 

44 

A S 

72 

35 

Petrolatum and pressure dressings 

2nd day 
Died 

2 5 

47 

R K 

15 

18 

Petrolatum and pressure dressings 

5th day 
Yes 

1 7 

48 

E R 

36 

15 

Petrolatum and pressure dressings 

Yes 

0 3 


Table V 


MAXIMUM PLASMA BILIRUBIN CONCENTRATION OBSERVED IN PATIENTS V ITH BURNS 
AFTER VARIOUS METHODS OF TREATMENT 



Total 

Average 

Area 

0 0-0 5 mg 
per 100 MI 

0 5-2 0 mg 
per 100 Ml 

Over 2 0 mg 
per 100 Ml 

Method 

Cases 

Burned 

No 

% 

No % 

No % 

Tannic acid (either alone or combined) 

14 

33 

1 

7 

9 64 

4 29 

All other tanning methods 

20 

28 

5 

25 

12 60 

3 15 

Vasehned gauze with or without pres 
sure dressings 

47 

31 

22 

47 

20 

5 


Mor 

tality 

% 

21 4 
20 0 

33 7 


averaged for each patient and the average called the composite index of 
liver function Chart I shows the close correlation between the rating for 
the van den Bergh and the composite index For this reason we believe 
the experience prior to 1943 with tanning methods can fairly be compared 
with later experience using open methods of treatment on the basis of 


serum bilirubin levels alone 

Table V shows an analysis of the van den Bergh tests obtained m the 
cases treated with tanning methods and open methods listed m Tables I, 
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III and IV In each case the highest bilirubin level is recorded We 
eliminated all burns from the series which covered less than 15 per cent of 
the body surface with the exception of two tannic acid cases m order to give 
a comparable series of cases Thus the average area for the cases treated 
with tannic acid is 33 per cent, for the cases treated with othei tanning 
methods 2 8 per cent, and for the cases treated with open methods 31 per cent 

The incidence of serum bilirubin levels above 2 o mg per 100 0 Ml was 
decidedly higher m the patients treated with tanning methods than in those 
treated with open methods The 14 cases treated with tannic acid had a 
still higher incidence of hyperbilirubinemia over 2 o mg per 100 o Ml The 
influence of tannic acid m causing liver damage is even more clearly demon- 
strated by the following facts Although the tannic acid group comprises only 
17 per cent of the total number of cases, yet all thiee patients having serum 
bilirubin levels ovei 100 mg per 1000 Ml fall in this group, and four 
out of the six patients having levels above 4 o mg per 100 o Ml fall m 
this group 

The general mortality of the untanned group was 33 7 per cent, as com- 
pared with 20 7 per cent for those treated v ith one or more of the tanning 
methods 

The variations between clinical burns make any attempt at compai ison dif- 
ficult We have been impressed with the fact that the damage incurred by 
a severely burned patient is widespread, and that liver damage is perhaps 
more apt to be a contributing than a determining cause of death 

Other Lvuei Function Tests — The carbohydrate toleiance tests were not 
employed in this series except in the small group previously reported, 0 in 
which dextiose tolerance was studied Here, it was recognized that marked 
aberrations occurred but that mterpi etations were difficult Not only the 
liver but also pancreas, adrenal and pituitary might have been involved 

Three other tests were employed, the bilirubin clearance test as described 
by von Bergmann and Eilbott, and modified by Jankelson and Gargill, 20 
the carboxyl nitrogen and the albumm-globuhn ratio The first was carried 
out on a small group of patients, and while consonant with the other tests 
it did not give promise of being unusually sensitive The determination 
of carboxyl nitrogen was suggested to us by C N H Long, who had found 
it of value m experiments on rats In patients, howevei, it proved relatively 
insensitive and was only significantly elevated in seven out of 52 cases in 
which it was employed 

The albumm-globulm ratios tended to become reversed m the latter part 
of the recovery period, usually after two 01 three weeks Furthermore, it 
seldom returned to normal until the local loss of protein-containing material 
from the surface of the wound ceased It, theiefoie, seems proper to regard 
the albumm-globuhn ratio as an index of the patient’s nutritional status 
rather than as purely an index of liver function It may be affected by 
hepatic damage also, but it did not follow the trend of the other liver function 
tests in the burned patient 

Discussion — The selection of liver function tests is difficult since the 
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The lesults of the tests of liver function on the 1943 series (Table III) 
were combined into an index of liver function by arbitrarily grading the 
maximum aberration from normal found by each test m a given case in 
accordance with the schedule in Table II These grades or ratings were then 

Table IV 

RESULTS OF LIVER FUNCTION TESTS 
(1944 - Patients) 

% Area van den 


No 

Patient 

Age 

Burned 

Local Treatment 

Survival 

Bergh 

1 

G S 

11 

18 

Saline 

Yes 

0 2 

3 

J L 

6 

15 

Saline 

Yes 

0 6 

4 

A H 

46 

30 

Petrolatum and pressure dressings 

Died 

11th day 

0 8 

5 

w C 

38 

25 

Petrolatum and pressure dressings 

Yes 

1 5 

6 

I M 

38 

18 

Petrolatum and pressure dressings 

Yes 

0 3 

7 

V Y 

42 

55 

Petrolatum and pressure dressings 

Died 

4 0 





> 

62nd day 


8 

D D 

50 

15 

Petrolatum and pressure dressings 

Yes 

0 1 

10 

E E 

6 

30 

Petrolatum and pressure dressings 

Yes 

1 0 

11 

M B 

50 

35 

Petrolatum and pressure dressings 

Yes 

0 3 

12 

D G 

27 

35 

Petrolatum and pressure dressings 

Yes 

1 2 

19 

C C 

44 

45 

Triple dye 

Died 

4th day 

2 1 

21 

M C 

28 

30 

Petrolatum and pressure dressings 

Died 

4th day 

0 3 

25 

M V 

50 

30 

Petrolatum and pressure dressings 

Yes 

0 3 

26 

T S 

22 

18 

Open 

Yes 

0 8 

27 

J s 

4 

18 

Petrolatum and pressure dressings 

Yes 

0 2 

28 

R P 

60 

15 

Petrolatum and pressure dressings 

Yes 

0 3 

33 

J N 

58 

20 

Petrolatum and pressure dressings 

Yes 

1 0 

34 

E W 

42 

20 

Petrolatum and pressure dressings 

Yes 

0 7 

36 

J G 

60 

60 

Petrolatum and pressure dressings 

Died 

1st day 

0 7 

37 

E H 

58 

75 

Petrolatum and pressure dressings 

Died 

1st day 

0 3 

38 

D Q 

43 

40 

Petrolatum and pressure dressings 

Died 

2nd day 

0 3 

44 

A S 

72 

35 

Petrolatum and pressure dressings 

Died 

5th day 

2 5 

47 

R K 

15 

18 

Petrolatum and pressure dressings 

Yes 

1 7 

48 

E R 

36 

15 

Petrolatum and pressure diessings 

Yes 

0 3 





Table V 




MAXIMUM 

PLASMA 

BILIRUBIN CONCENTRATION OBSERVED IN PATIENTS 

WITH BURNS 





AFTER VARIOUS METHODS Or TREATMENT 







Average 0 0—0 5 mg 0 5—2 0 mg 

Over 2 0 mg 

Mor- 




Total 

Area per 100 Ml per 100 Ml 

per 100 Ml 

tality 


Method 


Cases 

Burned No % No % 

No % 

% 

Tannic acid (either alone or combined) 14 

33 1 7 9 64 

4 29 

21 4 

All other tanning methods 

20 

28 5 25 12 60 

3 15 

20 0 

Vasehned gauze with or without pres 





sure dressings 


47 

31 22 47 20 

5 

33 7 


averaged for each patient and the average called the composite index of 
liver function Chart I shows the close correlation between the rating for 
the van den Bergh and the composite index For this reason we believe 
the experience prior to 1943 with tanning methods can fairly be compared 
with later experience using open methods of treatment on the basis of 
serum bilirubin levels alone 

Table V shows an analysis of the van den Bergh tests obtained in the 
cases treated with tanning methods and open methods listed in Tables I, 
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III and IV In each case the highest bilirubin level is recorded We 
eliminated all burns from the series which covered less than 15 per cent of 
the body surface with the exception of two tannic acid cases in order to give 
a comparable series of cases Thus the average area for the cases treated 
with tannic acid is 33 per cent, for the cases treated with other tanning 
methods 28 per cent, and for the cases treated with open methods 3 1 per cent 

The incidence of serum bilirubin levels above 2 o mg per 100 o Ml w as 
decidedly higher m the patients treated with tanning methods than m those 
treated with open methods The 14 cases tieated with tannic acid had a 
still higher incidence of hyperbilirubinemia over 2 o mg per 100 o Ml The 
influence of tannic acid in causing livei damage is even more clearly demon- 
strated by the following facts Although the tannic acid group comprises only 
17 per cent of the total numbei of cases, yet all three patients having serum 
bilirubin levels over 10 o mg per 100 o Ml fall m this group, and four 
out of the six patients having levels above 40 mg per 1000 Ml fall in 
this group 

The general mortality of the untanned group was 33 7 per cent, as com- 
pared with 20 7 per cent for those treated with one or more of the tanning 
methods 

The variations between clinical burns make any attempt at comparison dif- 
ficult We have been impressed with the fact that the damage incurred by 
a severely burned patient is widespread, and that liver damage is perhaps 
more apt to be a contributing than a determining cause of death 

Othei Liver Function Tests — The carbohydrate tolerance tests were not 
employed m this series except in the small group pieviously reported, 5 in 
which dextiose tolerance was studied Here, it was recognized that marked 
aberrations occurred but that interpretations were difficult Not only the 
liver but also panel eas, adrenal and pituitary might have been involved 

Three other tests were employed, the bilirubin clearance test as described 
by von Bergmann and Eilbott, and modified by Jankelson and Gargill, 20 
the carboxyl nitrogen and the albumin-globulin latio The first was carried 
out on a small group of patients, and while consonant with the other tests 
it did not give promise of being unusually sensitive The deteimmation 
of carboxyl nitrogen was suggested to us by C N H Long, who had found 
it of value m expenments on lats In patients, however, it proved relativel) 
insensitive and was only significantly elevated in seven out of 52 cases in 
which it was employed 

The albumin-globulin ratios tended to become reversed in the latter part 
of the recovery period, usually after two or three weeks Furthermore, it 
seldom returned to normal until the local loss of protein-containing material 
from the surface of the w r ound ceased It, therefore, seems proper to regard 
the albumin-globulin ratio as an index of the patient’s nutritional status 
rather than as purely an index of liver function It may be affected b\ 
hepatic damage also, but it did not follow the trend of the other In er function 
tests in the burned patient 

Discussion — The selection of liver function tests is difficult since the 
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liver plays an important role m so many metabolic processes In addition, 
the livei has a laige reseive and lapid poweis of regeneiation, so that 
much livei damage may occui befoie any of the function tests aie affected 
We have used the van den Beigh, the bromsulphalem letention, the hippuiic 

Case OB 
12 o r 


15 0-7- 


• Seram bilimbm level 
o Non-protem nitrogen level 




Chart 3 

acid excietion and flocculation of cephalm-cholesterol emulsions in this 
senes of patients 

Tannic acid was so well established m bum theiapy that it, or one of 
the other tanning methods, had largely displaced other methods of local 
therapy in this country and to a considerable extent abioad Emphasis 
on its hepatotoxic properties, by Wells, and his coworkei s, 1 * 2 came at a 
time when the visceial changes following bums weie becoming of increasing 
importance, piobably as the result of improvements m the tieatment of 
shock The difficulty of applying Well's observations in animals directly 
to human burns lies partly in the difference between injection and surface 
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absorption The expenmental animals, with the exception of fowl, do not 
blister, so that their bums are not compaiable to human burns, and 
even the denudation expenments of Bakei and Handlei 21 on rabbits’ 
ears aie not stnctly compaiable 

Howevei, taken in conjunction with the autopsy data, leported by 
Eib, Faimei and Morgan, 4 there can be little doubt that the tannic acid 
used m burn theiapy is absoibed sufficiently to mciease the hepatic damage 
The data on livei function, which has been obtained m the Philadelphia 
cases repoited above, is additional evidence in the same direction Tannic 
acid is much the most hepatotoxic agent, but the othei tanning methods 
aie followed by much moie distui bailee than the nontanmng methods This 
is in close agieement with the toxicologic study of Hartman and Romence 5 
The mildness of the changes in hepatic function seen in most of the 
cases tieated locally by Koch’s method is veiy giatifymg, and while the 
changes aie still definite it would seem that the piedommance of hepatic 
damage m lmin toxemia, as descnbed by Wilson, McGiegor and Stewait, 22 
and Pack, 25 has been laigely due to tanning agents At present we believe 
some degiee of hepatic damage is the mle in the toxemia of bums, but it 
is usually a nunoi pait of the pictuie 

The question of whethei tannic acid actually caused the deaths of 
limned patients cannot be answeied completely In this senes no patients 
with bums of less than 40 pei cent died aftei tannic acid therapy except 
one who was pi oven at autopsy to have an advanced septicemia The case 
of O B is shown giaphically in Chait 2 Death came at the culmination 
of a maiked use in the bilnubm level, and this could well have been a 
liver death On the othei hand, patients with othei types of bihaiy disease 
often suivive a much moie maiked use 111 biluubin 

A significant aspect of our experience, howevei, has been the fact that 
since abandoning tannic acid, no patients have suivived burns of over 40 
per cent of the body surface, and only two have suivived burns of 35 per 
cent or ovei It seems likely, therefoie, that while tannic acid may increase 
liver damage wffien used in the local treatment of extensive bums, its use 
has not been attended by greatei mortality 

CONCLUSIONS 

Tannic acid impaiis liver function following bums 
Other tanning methods impair hvei function also, but to a lessei extent 
Impairment of liver function occuis also 111 patients treated with petro- 
latum gauze and pressuie dressings, but it is usually mild 

The abandonment of the use of tannic acid m the local treatment of 
burns has not resulted in a deciease m mortality, m the senes of cases 
presented It, therefore, seems unlikely that the mciease m liver damage 
observed when tannic acid is used is of great significance in the mortality 
among burn patients 

It would seem fair to conclude, therefore, that hepatic damage is probably 
not the primal y cause of death in burn toxemia 
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STUDIES ON THE TOXEMIA SYNDROME AFTER BURNS 

II CENTRAL NERVOUS SYSTEM CHANGES AS A CAUSE OF DEATH 

J Walker, Jr , M D , and Henry Shenkin, M D 
Philadeiphia, Pa 

FROM THE PENNSYLVANIA HOSPITAL AND THF HARRISON DEPARTMENT OF SURGICAL RESEARCH 
SCHOOLS OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA 
AND THE LABORATORY OF NEUROSURGICAL PATHOLOGY, HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA 

In the course of a clinical study of burn toxemia in 1943 and 1944 six 
patients were observed to die of sudden respiratory arrest at a time when 
hepatic and renal manifestations of burn toxemia were subsiding During 
the period of toxemia these patients showed varying degrees of dis- 
orientation and drowsiness leading into stupoi Occasional patients be- 
came maniacal or were subject to hallucinations, and all showed myoclonus 
and increased resistance to passive motion Autopsy in every case sub- 
stantiated the impiession that there were organic changes 111 the biam and 
especially in the cortex and hypothalamus 

Since methods of treating burn shock have improved, a number of 
severely burned patients survive the fust 48 houis only to succumb during 
the next few days to, what Wilson, and his collaboi ators 1 have termed 
“toxemia ” There is a greater or lesser degiee of renal damage as evidenced 
by oliguria and azotemia, as well as some hepatic injury 

In our experience there was associated with the evidences of visceral 
damage a definite degree of central nervous system involvement The 
patients showed varying degrees of disoi lentation and drowsiness leading 
into stupor All patients showed muscular twitching The signs persisted 
for several days and then cleared along with the other signs of toxemia, 
if the patient recovered In the fatal cases death was often sudden Signs 
of renal and hepatic damage had begun to lessen and the patients had begun 
to improve clinically, only to suddenly stop breathing without prior warning 
Some severely burned patients showed Cheyne-Stokes respirations or lnegular 
periods of apnea prior to sudden failure We believe these deaths were due 
to damage to the central nervous system, with failure of the medullary 
centers as a result of compression, edema and cellular lesions 

The literature contains a few reports of central nervous system damage 
following severe burns Kruse 2 reported the case of a 14-months-old child 
with extensive second degree burns who developed temporal y blindness, 
hydrocephalus and mental deterioration Globus and Bender 3 reported the 
case of an eight-year-old boy who developed signs of a degenerative 
encephalopathy secondaiy to , extensive third degree burns Another case 

* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and the Pennsylvania Hospital We wish to express appreciation for the 
efforts of the following individual and hospital staffs m making clinical material available 
to us The Coroner’s Office of the City of Philadelphia, Dr Benjamin A Gulej , Dr 
Charles E Schwartz, the Northeastern Hospital of Philadelphia , Dr S Dana Weeder, 
the Germantown Hospital , Dr George J Schwartz and the Methodist Episcopal Hospital 
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was lepoited b> Rotn 4 of an eight-} eai -old Italian girl who developea 
aphasia, atnetosis and mental deterioration about one week after receiving 
a 30 pei cent scald The changes were persisting at the time of the report 
Cobb and Lmdeman 5 leported a case of seveie basal ganglion cell degeneration 
iollow mg one ot the Cocoanut Giove disaster cases They ascribed the changes 
to piolonged anoxia Reihl 13 lepoited cerebral edema m nine cases Chris- 
tophe 14 repoited degeneiative changes in the thalamus of dogs after cross 
tians fusion experiments 

There aie veiy meager repoits on the pathologic changes in the central 
nervous system m the literature Wilson, 6 m reporting on a series of 
extensive scalds and burns, mentioned “toxic damage” m occasional cases 
but did not localize the lesions Pack," in his review of the pathology of 



Fig 2 Fig 3 

Fig 2 — E N Medulla (x 700 H and E stain) There is moderate edema as evidenced by the 
dilated pericellular and perivascular spaces The ganglion cells are swollen, nuclei are eccentric, and 
some are undergoing hsis 

Fig 3 — E N Hypothalamus (x 700 H and E stain) This is the most se\ erely damaged portion 
of the brain The edema is marked Ganglion cells are markedly altered, nuclei are displaced, 
shrunken and often pyknotic 

burns, quoted Crile as saying that cential neivous system damage was 
seen only as the result of profound shock Bancroft, 8 m a review article, 
stated that changes m the central nervous system veie not noted and 
Mallory and Brickley 9 repoited cortical ganglion cell degeneiation m one 
of the Cocoanut Grove cases 

In 1943 and 1944 six of the severe burns seen by us in the city of 
Philadelphia died showing signs of central nervous system damage, and 
organic changes were found m the brain at postmoitem examination 

CASE REPORTS 

Case ! — E C , a ten-year-old white boy, was admitted half an hour after 
receiving a 45 per cent third degree flame burn of the upper part of the body. He 
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was conscious, rational, and his hands and feet were just beginning to get cold 
His pulse ranged between 120 and 140 (Fig 1) Administration of plasma was 
started promptly, the burned areas were superficially debrided and pressure dressings 
of vaselined gauze applied About three hours after being burned the child became 
irrational and shortly thereafter lapsed into coma from which he never aroused 
Blood pressure, measured by a leg cuff, was 90/40 at this time, and the administration 
of plasma was continued The hematocrit reading did not rise above 50 per cent 
About seven hours after the burn the patient’s blood pressure was 100/50 and the 
pulse ranged around 130 The hematocrit reading was 40 per cent, and the following 
morning, 17 hours after the burn, was 33 per cent Urinary output was greatly 
reduced for two days and then began to improve He had a number of attacks of 
generalized myoclonus and exhibited spasticity On the fourth day the patient’s 
general condition seemed much better, except for the fact that he remained deeply 



comatose His temperature, which had ranged above 103 0 F rectally during the 
first 24 hours, was normal, as was his pulse, blood pressure and respiratory rate 
On the morning of the fifth day his respirations suddenly ceased, and although the 
heart action continued for a few minutes longer, attempts at resuscitation were un- 
successful A postmortem examination revealed severe cerebral edema with depression 
of the cerebellar tonsils and widespread toxic changes of ganglion cells of cortex, basal 
ganglia and particularly the hjpothalamus (Figs 2 and 3) 

Case 2 — C C , a 44-year-old white male, received a 45 per cent flame burn 
Burned areas were tanned ^jvith gentian violet and intravenous plasma was started 
At no time was it possible to get blood pressure readings because of the extent of 
the burns The patient was conscious on admission and remained so for the first few 
days His pulse rose to 140 six hours after admission but later came down to 120 
(Fig 4) His hematocrit reading was 65 per cent seven hours after being burned 
but dropped to 45 per cent ten hours after the burn and after the administration of 
plasma In addition to parenteral fluids, the patient was given three liters of one-sixth 
molar sodium lactate orally during the second and third days In spite of adequate 
fluid intake and electrolyte balance the urinary output dropped to a very low level 
The patient remained markedly toxic and became confused and maniacal on the 
second day and stuporous on the third day Respirations suddenly failed on the 
fourth day The postmortem examination revealed extensive toxic nephrosis, and 
again cerebral edema and ganglion cell degeneration was widespread being most 
marked m the hypothalamus (Figs 5 and 6) 

Case 3 — V Y, a 42-} ear-old Armenian housewife, received a 55 per cent flame 
burn She was brought to the hospital 15 minutes after the accident and intravenous 
plasma was started promptly The burned areas were dressed at once with vaselined 
gauze and pressure dressings after very superficial debridement The patient was 
conscious and oriented on admission It was impossible to take blood pressure readings 
because of the extent of the burns, but the progression of the stage of primary shock 
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can be followed m the temperature, pulse and respiratory rate as noted on Figure 7 
The hematocrit reading was 47 per cent two hours after the burn occurred and never 
rose above 55 per cent It was 33 per cent after 15 hours Parenteral fluid and 
plasma were continued and, m addition, the patient was given three to five liters 



Fie s Fig 6 

Fig 5 — C C Hypothalamus (x 700 H and E stain) Edema has disrupted the tissues Ganglion 
cells have been damaged, as evidenced by their loss of nuclei and homogeneity of staining 
characteristics 

Tig 6 — C C Cortex (X70ocres>l violet stain) Edema of tissues can be seen Ganglion cells 
are swollen, nuclei are eccentric, Nissl substance disappearing Some nuclei are pyknotic, others 
swollen and their identitj almost lost 



of one-sixth molar sodium lactate orally for the first seven days, and the urinary output 
remained in excess of one liter a day On the evening of the first day, about 12 hours 
after being burned, the patient became disoriented and was subject to hallucinations 
Twenty hours after the burn she suffered an occlusion of the right deep femoral 
vein, with accompanying severe arteriospasm, which endangered the leg for a number 
of days On two occasions during the next two days respirations ceased for three- 
and ten-minute periods, during which artificial respiration was necessary After these 
short periods respirations again continued spontaneously The patient’s general con- 
dition improved on the fourth day and her mental state returned to normal She 
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required repeated blood and plasma transfusions with high protein feedings, and had two 
episodes of severe hemorrhage from extensive superficial ulceration of the rectum 
about the fortieth day She died suddenly on the sixty-second day, with a massive 
pulmonary embolus Postmortem examination showed that she had had several 
previous smaller pulmonary emboli which had given no clinical signs and a primary 
thrombosis of the left renal vein Examination of the brain showed toxic ganglion 
cell changes affecting particularly the smaller cortical cells and the hypothalamus 
There was, however, no evidence of recent brain damage, although this patient died 



Tig 8 — V Y Hypothalamus (x 700 H and E stain) There s 
little edema The ganglion cells are swollen, however, nuclei displaced, 
and Nissl substance collected at the periphery of the cells In several 
of the cells nuclei too are swollen and have lost their clear cut staining 
characteristics 

of pulmonary emboli and was undoubtedly suffering from anoxia some hours before 
death (Fig 8) Cerebral edema and evidences of increased intracranial pressure 
were not marked 

Case 4 — A S, a 7 2 -year-old white woman, previously in good health, received 
a 35 per cent flame burn of the head, arms and upper part of the body She was brought 
to the hospital one hour after being burned and was conscious and rational at that 
time The burned areas were dressed with boric acid ointment and intravenous plasma 
was started Blood pressure readings could not be taken, but the pulse rate did not 
go above 140, and the hematocrit readings did not rise above 50 per cent (Fig 9) 
In addition to parenteral fluids the patient was given 3 liters of one sixth molar 
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sodium lactate orally daily for the first two days Urinary output remained at 
approximately one liter per 24 hours through her clinical course This patient 
showed a rise in the van den Bergh test to 2 7 mg per 100 o ml during the first two days 
This began to fall, as did the plasma nonprotein nitrogen level On the third day 
the patient became disoriented and semistuporous, and, began to show occasional 
myoclonus On the fifth day respirations suddenly ceased The postmortem examina- 
tion showed fatty infiltration of the liver and a moderately severe toxic nephrosis 


A S 




Fig 10 Fig ii 

Fig 10 — A S Substantia Nigra (x 180 H and E stain) This low power section demonstrates 
principally the extensive edema, which was present throughout the brain 

Fig ii — A S Substantia Nigra (x 700 H and E stain) Again demonstrating the severe 
edema and ganglion cell changes -• 

The brain showed severe edema with pressure on the medulla by the cerebellar tonsils, 
and there was widespread ganglion cell disease, most marked in the hippocampus, 
hypothalamus and substantia nigra Degenerative changes were noted in the w'alls 
of the smaller vessels (Figs 10, it, 12 and 13) 

Case 5 — D Q , a 43-year-old w'hite male, suffered a 40 per cent flame burn of the 
upper part of the body, head and arms He tvas admitted to the hospital 30 minutes 
after being burned and was conscious and rational at that time Intravenous plasma 
was started and the burned areas were dressed with vaselined gauze and pressure 
dressings His blood pressure did not fall below' 100/50, and his pulse ranged between 
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140 and no (Fig 14) The hematocrit reading six hours after the burn was 65 
per cent but this was 45 per cent by the twelfth hour Eighteen hours after being 
burned the patient passed into a state of confusion and mania His urinary output 
was 800 cc daily On the third day he seemed somewhat improved and was conversing 
with the physician in charge when in the middle of a sentence he suddenly stopped 
breathing Heart action continued irregularly for a few minutes longer but the patient 
could not be resuscitated Postmortem examination showed only moderately severe 
renal damage, but in the brain there was found severe edema with a pressure cone 



Fig 12 Fig 13 

Fig 12 — A S Cerebellum (X 700 H and E stain) This in detail shows the changes in the 
Purkinje cells Vacuolization of the cytoplasm can clearly be seen 

Tig 13 — A S Hypothalamus (X 700 H and E stain) Edema and ganglion cell changes are 
clearly shown 

about the medulla The edema was evident microscopically and there were many 
degenerative changes noted in the walls of the small vessels There was widespread 
ganglion cell disease and again this was most marked in the hypothalamus (Fig 15) 
Case 6 — M C , a 28-year-old colored woman, sustained a 35 per cent flame burn 
of the body, and was brought to the hospital 20 minutes after the accident Intravenous 
plasma was started and after superficial debridement the wounds were dressed with 
vasehned gaiize and pressure dressings The patient was conscious and did not exhibit 
a very marked degree of shock Her blood pressure could not be taken because of 
arm burns, but her pulse dropped below 120 after eight hours She exhibited fairly 
marked toxemia during the second and third days with a temperature of 101° to 105° F 
(Fig 16) However, her circulation was well maintained throughout this period 
She was somewhat stuporous and exhibited occasional myoclonus on the third and 
fourth days Respirations suddenly ceased on the fourth day Postmortem examination 
levealed marked cerebral edema with herniation of the cerebellar tonsils and micro- 
scopic evidence of diffuse toxic ganglion cell damage, most marked in the hypothalamus 
(Fig 17) 

For comparison with the sections from the burned patients a section from the 
hypothalamus of a relatively normal brain is shown (Fig 18) 
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Discussion —We have presented six cases of patients with severe burns 
who were apparently emeigmg from the stage of “toxemia 5 ’’ only to die 
suddenly m respiratory failure All patients showed essentially the same signs 
clinically — disorientation and mama or stupor, with abrupt failure of respira- 
tions, without obstruction of the airway Five of these patients died around 



mm B. P, 



the fourth day after being burned The sixth patient, with a very severe burn, 
showed evidence of respiratory embarrassment at this stage but survived to die 
later of a pulmonary embolus This patient showed evidence of a lesser 
degree of toxic cell changes m the brain than other patients and there 
was little or no evidence of increased intracranial pressure or medullary 
compression 

In all of the patients dying of sudden respiratory failure postmortem 
examination consistently showed severe cerebral edema with evidence of 
marked increased intracranial pressure, including widening of gyn, narrow- 
ing of sulci, herniation of the temporal uncus through the mcisura of the 
tentorium and herniation of the cerebellar tonsils into the foramen magnum 
Microscopically, edema was revealed by widespread dilatation of pericellular 
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and perivascular spaces and even wide separation of the tissue itself by in- 
creased interstitial fluid Theie were marked changes in the smaller vessels 
consisting of degenerative changes of the endothelial lining, with occasional 
breaks and perivascular petechial extravasations 

The ganglion cells throughout the brain showed toxic degeneration, 
but the most sti iking changes were m the cortex and hypothalamus Of 
the two, the latter was the more seveiely involved The ganglions cells 
showed swelling and disappearance of the Nissl substance The nuclei were 



Fig 15 — D Q Hypothalamus (x 700 H and E stain) Edema is 
marked Swelling of ganglion cells with loss of Nissl substance is 
demonstrated Nuclei are eccentric, nucleoli are absent Beginning 
disintegration of some cells can be seen 

usually eccentric and occasionally absent They were often swollen and 
were in all stages of disintegration In some cells the entire nucleus had 
become pyknotic The cytoplasm stained palely and occasionally contained 
vacuoles Many shadow cells were present Basal ganglia and brain stem 
nuclei showed relatively less involvement, though definite changes were 
generally present (Figs 2, 9 and 10) These cellular changes varied in 
severity from case to case, being most severe in A S , C C , and E N 
The changes were least severe m V Y , who died 62 days after her burn, 
of a pulmonary embolus 
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The leason for these changes are not known One explanation might 
be temporary anoxia as the result of shock, but m certain cases the shock 
was minimal and the cnculation was apparently adequate, without undue 
hemoconcentration Neveitheless, evidences of cerebral involvement appeared 
latei Patient V Y , dying of multiple pulmonary emboli, was somewhat 
anoxic for seveial hours befoie death, yet the brain showed no recent changes 
as compared with other cases Some investigators have suggested that the 
visceral pathology seen in bums is due to hemoconcentration, with the forma- 
tion of small tluombi and small infarcts 10, 11 We have examined the viscera 


MC 



quite thoroughly m all these cases that died in the period of toxemia and 
have been unable to find evidence of such a thrombotic or embolic process, 
even on a micioscopic scale A third possible explanation is the circulation 
of some agent or toxin which damages tissue, increasing vasculai permea- 
bility, and so allowing the formation of geneialized edema, which is seen 
throughout all the organs of a patient dying in the phase of toxemia Not 
only is there edema but also actual cellulai destruction m the kidney tubules, 
hepatic radicles and the cortical cells of the adrenals These changes have 
been described by us elsewhere 12 

We believe that biam damage and edema are important factors m the 
sudden deaths occurring during the toxemia phase of burns Liver damage 
is not marked and evidence of renal damage is often subsiding when the patient 
suddenly dies in respiratory failure, without pulmonary pathology or preexist- 
ing cyanosis This is similar in man}’’ ways to the death following other 
more obvious types of brain mjuiy 

SUMMARY AND CONCLUSION 

The case histones of six patients having severe burns and clinical 
evidence of central nervous system damage are presented Five of these 
patients died in sudden respiratory failure when the renal and hepatic 
damage associated with burn toxemia was decreasing in seventy The sixth 
patient had two episodes of apnea during the toxemic period but survived 
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Fig 17 — M C Hypothalamus (X 700 H and E stain) Edema is 
present Ganglion cells have lost much of their cytoplasm and nuclear 
details are disappearing 
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to die 62 days latei of a pulmonary embolus The bram m this case showed 
evidence of damage of the same type but of lesser degree than was seen m 
the other five patients 

Gross examination of the brains revealed evidence of increased mtra- 
ciamal pressure with herniation of the cerebellai tonsils through the foramen 
magnum compiessmg the medulla 

Photomici ographs of these cases are appended showing severe inter- 
stitial edema and ganglion cell changes which were found to be most marked 
in the hypothalamus 

It is suggested that the central nervous system changes are an important 
factor m the explanation of the sudden deaths occurring m the toxemic 
phase of burns 
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THE PROBLEM OF THROMBOPHLEBITIS * 

D Rees Jensen, M D 

New York, N Y 

Historically, thi ombophlebitis is a relatively new disease, although it 
probably is as old as mankind Paulus of Aegma, about 660 A D , opened the 
saphenous vein, removed a thrombus and then ligated it The use of the term 
phlebitis is more recent and seems to have been applied first by Breschet, in 
1818 John Hunter recognized the septic form which often followed venesec- 
tion Henry Lee, in 1865, ligated the supeificial veins for septic thrombo- 
phlebitis, with apparent cure Gluck, in 1896, leported a postabortive phlebitis 
of the long saphenous vein cui ed by ligation of the common femoral In recent 
years there has been a lenewed intei est m the subject and, as understanding 
has increased, treatment has improved To adequately cope with the problem, 
however, further study is necessary 

CLASSIFICATION ANd'eTIOLOGY 

(1) Phlebothi ombosis This teim is fiequently used interchangeably with, 
and applied to, the milder types of thrombophlebitis It indicates a thrombus 
within the lumen, without inflammation of the vein wall Except following 
trauma, there is evidence that this does not occur If this is true, the term 
should be applied only to the process which takes place m veins in various types 
of injury, as incised, laceiated and abraded wounds This would be logical, 
moie accurate and less confusing 

(2) Thrombophlebitis This term is applied to all types of inflammation 
of the vein and may be nnld to seveie Thiombus formation is a concomitant 
manifestation of the disease and is lesponsible for the complication of embolism, 
so often fatal Curveilher, in 1834, expounded the view that inflammation of 
the vein wall was the piecursor of the thrombus Later he was conti adicted 
by Virchow, who believed that the thrombus was the primary condition and 
inflammation secondaiy His view prevailed for many years The concept 
of Curveilher, however, is generally accepted today 

In general, the disease presents three gioups 

(I) Mild or Aseptic The localized type occurring spontaneously 111 vari- 
cose and normal veins It may be well masked by the absence of clinical signs 
The causes are unknown but at times it develops following strenuous activity, 
film massage to the legs, and without any demonstrable reason 

(II) Model ate This group often complicates the various forms of sur- 
gical trauma, the puerperium, systemic infections, such as pneumonia and 
typhoid fever, and the xanthemata It has been termed aseptic and toxic 
phlebitis It has the characteristics of infection but cultures of the vein 
usually result m no bacterial growth 

(III) Septic and Pmulent Phlebitis Bacteria are present m the vein wall 
and thrombus thereby accounting for the migration and metastases Since the 

* Read before the New York Surgical Society, No\ ember 8, 1944 
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advent of asepsis, early surgery and chemotherapy, this gioup is seen less 
frequently Outstanding examples are purulent phlebitis of the lateral sigmoid 
sinus m middle ear disease, involvement of the cavernous sinus m carbuncles 
of the upper lip and nose, pyelophlebitis and infections of the extremities 
Except at the extremes, there is no shaip line of demai cation between the 
first two groups and no exact information as to the etiology Multifarious 
factors are responsible, as m any inflammatory process Local resistance, 
generally and locally, no doubt plays an important role The left leg is involved 
more often than the right, m proportion of 3 i Females more often than 
males, in the same proportion Selectivity of certain bacteria for the vein wall 
and contiguous lymphatics might be the most important factor This phe- 
nomena manifests itself in other diseases and one may assume it might m 
phlebitis Much woik has been done to determine whether allergy plays a role 2 
It is difficult to understand how this could affect a structure such as vein wall 
and its lymphatics, without giving evidence of its effects elsewhere This is 
a problem for further study 


PATHOLOGY 

The literature is replete with discussions on the formation of the vanous 
types of thrombi — friable red, or adherent white, or their combinations But 
there is little about the changes m the vein wall It is only by careful study by 
an interested pathologist that the slight changes m the milder forms can be 
discerned The vein wall may show principally a fibrosis A diffuse infiltration 
of chronic inflammatory cells throughout the wall is present, mainly around the 
vasa vasorum These small vessels show evidence of inflammation m the form 
of swollen epithelium and slight necrosis of the wall m the larger ones There 
may be a diffuse inflammatory exudate throughout Thrombotic material 
within the lumen may be present 

Why does a thrombus form ? Tannenberg 2 states that leukocytic infiltration 
of a vein wall, or slight phlebitis, should not be regarded as very significant 
for the pathogenesis of thrombus But when the inflammatory reaction is 
unable to bind its products, then a thrombus usually occurs He concludes 
that it forms where there is morphologically recognizable neciosis or break- 
down of tissue which cannot be confined or neutralized 

The pathologic physiology of thrombus formation is based upon the physiol- 
ogy of blood clotting This complex process is as yet incompletely understood, 
and a discussion of it is not a part of this report Suffice it to say that all 
factors are necessarily present when a thrombus forms within a vein Slowing 
of the blood stream is thought to be a factor This, I believe, is problematical 
More likely slowing of the venous flow piomotes piopagation of the thrombus, 
rather than a causative factor Although, in combination with other causes, 
it may be contributory 

Edema of varied degrees is a manifestation of thrombophlebitis In inflam- 
mation of the vem Avail there is inflammation of the contiguous lymphatics, 
partially or completely blocking the mam channels, thereby, influencing the 
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degree of swelling Increased venous pressure, with resultant increase m 
capillary piessure, results m a tendency of fluid to accumulate m the tissue 
spaces Anoxemia of the local tissues further accentuates the condition It 
results in chronically enlarged legs, frequent ulceration, and confirmed 
invalidism 


CLINICAL MANIFESTATIONS 

The clinical manifestations show wide variation, thereby, making the 
diagnosis of the degree and extent of the disease difficult This is aptly 
illustrated in the cases cited herewith 

In the mild types, the symptoms may be so slight as to pass unrecognized 
The patient may complain of a vague ache in the legs upon standing or pro- 
longed activity At times theie may be slight swelling There is no elevation 
of temperature or pulse, or other constitutional symptoms, except the patient’s 
desire to elevate the legs, the discomfort abating with rest There may be a 
history of massage 01 a fall traumatizing them Examination usually elicits 
tenderness in the calf region, or at some site along the superficial veins Fre- 
quently tenderness is present on the plantar surface of the foot or the adductor 
group of muscles These findings are consistent with muscle fatigue, but a 
localized, tender area m the calf region or a firm, slightly discolored spot m the 
superficial veins are adequate signs to make a diagnosis of thrombophlebitis 
Fuither activity aggiavates the symptoms The patient may be suddenly seized 
with a chest pam, with some dyspnea and at times a cough and hemoptysis 
The temperature and pulse rate becomes slightly elevated A roentgenogram 
of the chest shows fluid in the costophremc sulcus, with lung fields relatively 
clear A diagnosis is made of pulmonary embolus complicating throm- 
bophlebitis 

In the moderate group the symptoms and signs are more obvious There 
is a history of some recent surgical intervention, or systemic infection, or the 
puerperium with convalescence progiessmg satisfactorily The eighth to 
fourteenth day there may be mild pam in the calf region, plantar surface of 
the foot or midthigh Dorsiflexion of the foot frequently intensifies the calf 
pam, but may not alter it There is some edema and the temperature and 
pulse moderately elevated Sometimes a slight chill heralds the onset 
Pulmonary embolus is a probable complication in this group 

The more advanced cases present greater swelling, more pain, and the 
temperature and pulse further elevated The leg may become markedly swollen, 
the skin white and mottled, and having a stretched appearance The leg is 
warm, but the tissue temperature is lowered There is exquisite tenderness 
over the entire extremity 

The following three cases are reported because of the different history in 
each, and pulmonary embolus had occurred in two before the disease was 
definitely recognized 

Case i — New York Hosp No 310172 E S, female, age 4° September 17 , J 94 2 
Chief complaint sudden pain in the right lower chest beginning two days ago, severe for 
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t .c past nine hours Some dyspnea, no cough or hemoptysis A few small varicose 
veins present which had been injected During the past year she had also received 
vigorous massage to the legs One montli ago, following an injection in the right leg, 
there was increased heaviness and swelling For several months there has been slight 
edema and a general ache in both legs after prolonged activity 

Physical Examination — Diminished breath sounds in the right lower chest and a 
few rales Heart normal, B P 134/78, pulse 80 Right leg An irregular, tender cord 
palpable in the popliteal space extending downward to the midcalf Small thromboses 
present at the site of injections No change in color of the skm, temperature normal, no 
acute pain or dorsiflexion of the foot 

Laboiatory Data — Roentgenograms of the chest “showed right diaphragm elevated 
with obliteration of the costophremc sinus and slight mottling scattered at the extreme 
base” Hb 125 Gm , red blood cells 4,450,000, white blood cells 9, 100, polymorpho- 
nuclears 79%, lymphocytes 21% Platelets high normal in four subsequent counts 
Two days later the patient coughed up dark bloody sputum, repeated the second day 
following There was tenderness along the saphenous vein, right leg and calf region 
Fourth day, heparin advised Fifth day, roentgenograms of legs, “highly suggestive 
venous stasis much more marked in the right, probably associated with thrombosis of deep 
veins” There was slight edema of the legs Ninth day, venogram right leg, “findings 
suggestive of thrombus of the femoral vein with probable involvement of one of the 
deeper branches of the popliteal vein ” 

Clinical Diagnosis Pulmonary embolus, with a probability of others occurring 
with more serious consequences It was, therefore, decided that ligation of the saphenous 
and femoral veins m the right leg was indicated 

Operation — September 30, 1942 Under avertin-local anesthesia, using 1% novocaine, 
a four-inch slightly oblique longitudinal incision was made high in the right thigh, 
extending from one inch above the flexion crease downward The saphenous vein was 
isolated to its junction with the femoral, and, to palpation, was free of thrombus The 
femoral sheath was incised, the artery retracted laterally and the vein isolated below 
the profunda branch and upward, to include two inches of the common femoral To 
palpation, this was free of thrombus Ligatures were placed around the vein below the 
profunda branch and not tied The vein was incised longitudinally and free bleeding 
followed, w'hich w'as controlled by pull on the ligatures An aspiration catheter was 
placed within the lumen proximally and distally, without recovery of thrombotic material 
The ligatures then were tied, reinforced, and the vein divided between Elastic bandages 
were placed on the leg and the patient encouraged to exercise in bed 

Seventh postoperative day Slight edema around the ankle She was kept in bed 
until the 2 1 st day 

Twenty-fifth postoperative day No swelling of the leg The patient discharged the 
38th day 

November 15, 1942 Six v'eeks later There was some swelling of the lower 
leg, and there was a localized area of thrombophlebitis below the knee 

December 4, 1942 The patient had a sense of tightness m the popliteal space 
when ascending and descending stairs Otherwise felt very well Continued to be 
normally active and periodically continued to wear an elastic bandage The circum- 
ference of the right calf 5 5 inches below the lower border of the patella measured 15 
inches and the left 13 75 inches 

May 23, 1944 Twenty months after ligation The patient was normally active, 
felt well, with no discomfort except some heaviness after long periods of standing and 
during the menstrual function She had noticed no swelling of either leg The color 
was normal and there was no further development of varicose veins Six inches below the 
lower border of the patella the right leg measured 145 inches in circumference and the 
left, at the corresponding level, 13 75 inches 
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It is of interest that the femoral vein at the site of ligation, remote from the 
probable site of thrombus, showed no thrombotic material but did show evi- 
dence of inflammation of the vein wall This patient fits the clinical description 
of phlebothrombosis , pathologically, it is a thrombophlebitis (Fig i) Figure 2 



Tig i — This section of femoral vein shows an outpouring of acute 
inflammatory cells about the vasa vasorum There is enough infection in and 
about these \essels to make a diagnosis of thrombophlebitis There is no 
distortion of the moiphology of the walls of the vessels 



Tic 2 — Saphenous vein cross section shows focal areas of inflammation 
within the muscularis, as evidenced by interstromal outpouring of lymphocytes 
This generally is seen about the vasa vasorum Patient has spontaneous 
thrombophlebitis below the knee (Section from the femoral junction) 

shows a section of the saphenous vein This patient had a localized thrombo- 
phlebitis occurring spontaneously in the superficial system near the knee 

Case 2 — New York Hosp No 253723 C M , age 53 Six weeks prior to admission 
to this hospital, a D and C was performed elsewhere Changes were found suggesting 
malignancy and 2400 hours of radium were administered Otherwise the history 
irrelevant 
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Examination Noimal findings B P 110/78 

Laboiafoiy Data Urine analysis — sp gt 1015, albumin very famt trace, micro- 
scopic — few white blood cells Blood count — W B C 6,800 to 9,900, diff polymorpho- 
nuclears 76%, lymphocytes 24% Hb 12 8 Gm , R B C 4,840,000 

Opciahon — December 14, 1942 Under avertm-gas-oxygen anesthesia, a panhys- 
terectoniy was performed through a suprapubic midhne incision On the left side of the 
cervix there was a slight necrosis with a small collection of mucopuiulent material, 
which cultured Staphylococcus aniens hemolyticus The appendix was removed 

The postoperative course was uneventful, the patient out of bed the 8th post- 
operative day On the 10th postoperative day, there was pain in the left calf region 
Examination revealed tenderness in the area, but no edema, redness or increased heat 
By the end of the day the left leg was tense and warm, and the superficial veins full 
The leg was elevated and a cradle, with lights, placed over it The patient was gnen 
sulfadiazine and sodium thiosulfate Within the next three days the pam subsided 

She continued to improve until December 29, 1942, the 15th postoperative day, when 
there w'as sudden pain in the right lower anterior chest No abnormal findings upon 
examination By 7 pm the pam in the chest was more severe and made worse by 
respiration and movement Pleural friction rub heard in the right axillary region 
Respirations 20, pulse 98, rectal temperature 37 4 C On the 16th postoperative day, 
moderate retrosternal pain, patient somewhat cyanotic Some edema of the left leg 
Heparin advised Diagnosis Subsiding phlebitis left leg and pulmonary infarct W B C 
10,850, polymorphonuclears S7%, lymphocytes 13% Platelet count normal on four 
subsequent counts 

Nineteenth postoperative day There is persistent chest pam on deep breathing, no 
pam m the calf region Patient had been on continuous infusion of 2% heparin in 
normal saline for four days Clotting time maintained at 20 minutes (At times up to 
40 minutes) A roentgenogram “showed prominent hilar markings on the right The 
right diaphragm is slightly elevated and there is obliteration of the right costophremc 
sulcus ” 

"Impi cssion Findings compatible with the clinical evidences of infarct" 
Twenty-second postoperative day Eighth day of continuous heparin No further 
signs in the chest nor pain m the leg Heparin discontinued the 10th day 

Twenty-fifth postoperative day Patient allowed to exercise in bed, and three 
days later allowed out of bed At this time there w’as no complaint 

Thirty-first postoperative day Patient had another acute episode of pain m the 
right lower chest, which probably represents another infarct 

Thirty-second postoperative day At about 2 a m , was awakened bj another acute 
pain in the right chest associated with cyanosis and labored respirations Pulse rate 
increased to no Examination revealed diminished breath sounds o\er right chest 
Heart rapid, B P 106/66, no mediastinal shift Legs appear normal except for slight 
fullness of the lower veins Papaverine and aminophylhn and oxygen given Heparin 
started At this point, it was noted that there w r as a history of venous thromboses m 
the father, sister and brother 

The patient continued very ill On the 35th day, an EKG showed “the tendency 
toward the low amplitude of the QRS complexes and the T "waves throughout suggest 
myocardial damage Their form is not unlike that seen following pulmonary infarction 
Heart rate rapid” The patient’s temperature and pulse remained elevated, breathing 
became more comfortable, but the rales and friction rub persisted Heparin discontinued 
the 10th daj Prothrombin 39% 

Fiftieth postoperative day There was a slight twinge of pam in the right lower chest, 
but the patient was sitting up m bed for meals 

Fifty-second postoperative day There v’as slight pain in the chest to the left of the 
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sternum with some dypsnear and moderate cyanosis This probably represents another 
infarct 

Fifty-third postoperative day Tenderness present in the left calf with slight edema 
It measures 2 cm more than the right Ligation of the femoral and saphenous veins 
advised Venogram suggested, but was later countermanded 

Operation — February n, 1943 Under avertm-local-cyclopropane anesthesia, a 
four-inch slightly oblique incision was made in the left upper thigh, extending from two 
inches above the flexion crease downward The lymph nodes were enlarged, but noi 
acutely inflamed The saphenous vein was isolated to its junction with the femoral 
Grossly, there was no evidence of thrombus The femoral sheath was incised, it was 
moderately adherent to the vein The artery retracted laterally and the vein isolated 



Tig 3 — Femoral vein Section shows a somewhat fibrotic wall sur 
rounding which there is considerable thrombotic material apparently lodged 
in neighboring veins or possibly in the wall of the vein itself There is a 
bit of thrombus which is definitely intraluminal in the main channel Exam 
ination of the vasa vasorun shows slight evidence of inflammation in the 
form of swollen epithelium and slight necrosis of the wall of some of the 
larger vessels There is a diffuse but scanty inflammatory exudate through 
out the wall of the vein 

two inches below the profunda and upward to include the common femoral The vein 
was soft, without evidence of thrombus The superficial femoral was opened between two' 
untied ligatures and free bleeding encountered Aspiration was done without recovery 
of thrombotic material The ligatures were then tied and the vein divided The patient 
withstood the procedure well An elastic bandage was applied and the patient encouraged 
to exercise m bed 

Out of bed the seventh day At this time there was no tenderness in the calf region, 
but slight edema persisted She was active, rapidly improved, and was discharged 
February 27, 1943, 16 postoperative days after ligation 

June 20, 1943 Four months later the left leg, 10 cm below the lower border of the 
patella, was 37 cm in circumference and the right 34 cm There was no edema or 
tenderness At the present time (September, 1944) the patient is normally active, 
but has some discomfort aftei undue activity or standing There is no edema and the 
leg measurements are the same as they were one >ear ago (Figs 3, 4 and 5) 

In view of the original pathology, it would have been logical to conclude 
that this patient had an iliofemoral thrombophlebitis, and because of this the 
venogram was countermanded This case indicates that heparin evidently is of 
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little benefit in preventing emboli when the disease has developed The sec- 
tions of the veins lllustiate the point that the disease is present remote from 
the probable site of the thrombus 


Case 3— New York Hosp No 220149 L B , female, age 27 Four years ago the 
patient was delivered of her first child 
It was a normal delivery and un- 
eventful convalescence Otherwise 
history irrelevant 

On October 19, 1942, without a 
difficult or prolonged labor, the pa- 
tient was delivered of her second 
child The convalescence was smooth 
and satisfactory In the 10th day she 
developed moderate pam in the left 
calf region and medial left thigh 
Physical Examination revealed 
slight edema about the left ankle, 
with some tenderness 111 the calf region 
and, superficially, four inches below 
the fossa ovalis Heparin suggested, 
also ligation of the saphenous and 
femoral veins 

Operation — November 3, I94 2 
Under avertin-mtrous oxide anes- 
thesia, a four-inch incision was made 
in the left upper thigh, extending 
from two inches above the flexion 
crease downward The saphenous 
vein isolated, and was firm, indicating the presence of a thrombus The femoral 
sheath was incised and the vein freed below the profunda and upward to include 
the common femoral All veins were filled with thrombus Ligatures were placed 
around the common femoral and the vein incised longitudinally between them A 
soft, friable thrombus presented There was no bleeding Using a glass catheter, 
thrombotic material was aspirated from the proximal segment Because this was 
too short to recover all the thrombus, a No 16 F urethral catheter, with the tip 
cut away, was used This was long enough to extend well up into the external 
iliac vein Many pieces of friable thrombus were removed and as the final piece, 
about three inches long, came away there was sudden free bleeding The ligatures 
were then tied and the vein divided between the ligatures Section of the femoral vein 
was taken for study The saphenous vein was not sepaiately ligated 

The patient withstood the procedure without untoward event Tensor elastic 
bandage was applied 

First postoperative day Tenderness in the left leg had entirely disappeared, there 
was no increase in swelling and no elevation of temperature The patient encouraged 
to exercise in bed 

Fourth postoperative day Some tenderness present in the left calf and slight swelling 
about the ankle Sutures removed on the sixth day The incision healed by primary union 
Seventh postoperative day Patient allowed out of bed There was still some tender- 
ness and swelling persisting Measurement, 18 cm below the lower border of the patella, 
left leg 36 25 cm in circumference and right 33 cm Patient was discharged from the 
hospital the 10th postoperative day 

She continued to be normally active and wore the elastic bandage for several months, 
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Fig 4 — Saphenous vein is apparently less affected 
than the femoral Its endothelium is vocuolated and 
swollen There is considerable hemorrhage into the 
wall The vasa vasorum are very small and msig 
nificant They contain rather numerous leukocytes in 
some instances 
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Fig 6 — Fcmonl vein There is rather a diffuse infiltration of chiomc 
inflammatory cells scattered throughout its wall This is not periv istul ir in 
nature, being found only around the vasa vasoruni, as in pievious sections, 
Imt is present as a diffuse chronic wflamnntor) re iction 



Fig 7 — Case t Infrared photograph 
20 months after ligation of the superficial 
femoral and saphenous veins Fxcept for 
slightly more prominent superficial -veins, 
there is practically no difference in the legs 
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Eighteen months later there was no edema but the left leg was slightly larger than the 
right There was some discoloration on each side of the foot The small superficial 
veins were moie obvious than those of the right leg At times she complained of mild 
discomfort along the tibial crest after prolonged activity (Figs 6, 7, 8 and 9) 

The above cases illustrate the mild to moderate types of thrombophlebitis 
In each there was a different clinical history and, except for slight variation in 
degree, the symptoms and signs were the same In two the complication of 
pulmonary embolus had occurred before the presence of the disease was fully 
appreciated The third illustrates the fact that the saphenous and femoral sys- 



Fig 8— Case 2 Showing the legs 18 months after operation A11 
average photograph does not show the superficial veins as does the 
infra red on the right There is little difference in the two legs 

terns can be completely occluded by a thrombus, with few signs, little pain 
and practically no edema Whether the disease would have advanced further 
with conservative measures is problematical It is reasonable to assume that 
it would have 


COMPLICATIONS AND SEQTJFLAE 

The most serious complication is embolus m the lungs They may be small, 
resulting m localized areas of pneumonitis Larger ones produce infarcts which 
may go on to abscess formation The massive ones cause sudden death When 
the portal system is involved, emboli cause infarction and suppuration in the 
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liver In carbuncles of the upper lip and nose, the cavernous sinus may become 
the site of a thrombus and, in middle ear disease, the lateral sigmoid sinus is 
often affected The mortality rate m this 
group is high 

Chronically enlarged legs, uith low- 
ered tissue resistance resulting m ulcera- 
tion are common sequelae Inactivity 
frequently aggravates the swelling Fie- 
quent recuriences of thrombophlebitis, 
with pain and increased edema, are char- 
acteristics of the disease Prognosis for 
survival is good, hut for complete re- 
coveiy, poor Some patients appear to 
be relatively well for an indefinite period, 
then thei e is a recurrence, with disability 

TREATMENT 

Prophylactic treatment is of the ut- 
most importance Abnormal physiology 
should be coirected Strict asepsis and 
careful manipulation of tissues during 
surgical trauma are important Venous 
stasis should be counteracted by early 
motion It may be that the anticoagulants 
will find their rightful place in the pro- 
phylaxis of the disease 5 By study and 
experience, it is necessary, however, to 
assay heparm and dicumarol further 
The entire therapy of thrombophlebitis 
is being reopened and reviewed The ac- 
tive treatment has consisted of conserva- 
tive measures, which have occupied the ^ 

center of the stage Complications have _ 

not been lessened by these measures * he common femoral Except for slight 

J thickening there is little difference in either 

Morbidity has been long and improve- le s 

ment slow Return to activity requires weeks to months, with enlarged legs, 
and chronic invalidism common residuals 

In 1936, it was observed that localized thrombophlebitis, m superficial 
veins, rapidly abated when the large vein above theunvolved site was obliterated 
by injection Pam and the signs of inflammation disappeared, local tenderness 
and edema more slowly Ligation of the saphenous vein at the femoral junc- 
tion was then carried out in varicose and normal veins with completely satis- 
factory results Healing of the disease progressed rapidly Frequently the 
involved vein recanalized, with persistance of the varicosities Multiple ligation 
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was then lesorted to, with sometimes excision of the involved segment of vein 

when there was minimum reaction of the surround- 
ing tissues The results have been uniformly good 
Eighty-six cases have been operated upon (25 during 
the past yeai ), seven bilaterally, with excellent results 
111 84 One patient had a local recurrence about 
the knee two years later This promptly subsided 
upon activity and wearing an elastic bandage The 
second patient had immediate activation of the dis- 
ease, which subsided after six weeks This patient 
had a history of recurring thrombophlebitis with 
numerous roentgenray treatments extending ovei 
several years All patients were permitted active 
motion out of bed after 24 hours, and wore an 
elastic support until the edema subsided Most 
discarded them automatically within two to four 
weeks 

When the deep venous system is involved, it is 
even more important that ligation of the saphenous 
and femoral veins be carried out The procedure 
minimizes complications and hastens recovery Since 
1942, 18 cases have been operated upon There 
have been no complications Pain rapidly disappears 
the edema subsiding more slowly Elastic bandages 
are immediately applied and the patient encouraged 
to exercise in bed As soon’ as the reaction about 
the incision has subsided, the 4th to 7th day, the 
patient is allowed active motion out of bed The) 
continue to wear their elastic support until swelling 
has disappeared The patient will automatical!) 
discard this after a few weeks However, some 
slight spelling might persist for several months In 
this group there have been no recurrences, no cron- 
lcally enlarged legs and no ulcerations 

In cases of long-standing thrombophlebitis, there 
follows an established edema of varying degrees 
Wearing of an elastic support and active motion re- 
sults in some abatement of the swelling Recurrences 
are common and the patient always is uncomfortable 
when actne The patient with chronically en- 
larged legs, with or without evidence ot local activity of the disease, it is 
important to determine the patency of the venous system This can be done by 
the venogram If the veins have lecanalized and an ulcer is present, ligation 
should be earned out This relieves pain and promotes repair If there is 
complete closme of the femoral system by fibious tissue, operative intervention 
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Tic 10 — Venogram of the 
left leg Patient age 26 Pol 
lowing a pregnanev two years 
ago phlebitis developed in the 
left groin Patient in bed 
nine weeks, with conservative 
measures For many months 
wore supportive bandages For 
the past >ear recurring at 
tacks of phlebitis, local!} at 
different sites along the leg, 
with redness and swelling 
This shows complete fibrosis 
of tin; femoral and iliac veins 
Surger} of no value 
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will be of little value (Fig io) In established edema, ligation has proven 
of little benefit 

Reports are appearing in the liteiature, attesting the value of ligation in 
thiombophlebitis Allen, and his associates, 3 recently reported a series of 202 
cases with satisfactory lesults Buxton, et al 4 report their results in ligation 
in long-standing deep phlebitis Further efforts are being made by others 
Additional experience is necessary to fully evaluate this type of therapy, but 
the results to date justify its moie general adoption 

Surgical intervention m the suppurative group is essential, because the 
lesults with conservative measures are unifoimly pool 

Heparin and dicumarol may prove to be important adjuncts in the active 
thei ap) of this disease 


SUMMARY AND CONCLUSIONS 

( 1 ) A 1 eview of the causes of thrombophlebitis and a simplified classifica- 
tion are presented 

(2) An attempt has been made to clarify the pathology of the disease and 
the relationship of thrombus formation to it 

(3) Clinical cases have been presented illustrating the vagaries of the 
disease, often well-mashed symptoms make it difficult to determine the activity 
and extent of the pathologic process 

(4) Complications and sequelae are discussed 

(5) The treatment of the disease by prompt ligation is advocated, with 
lesults in 104 cases attesting its therapeutic value 

(6) Phlebography is indicated to determine the patency of the venous 
system m long-standing thrombophlebitis 
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WHEAL-FLUORESCENCE 

A NEW METHOD OF EVALUATING PERIPHERAL VASCULAR DISEASES 

PRELIMINARY REPORT 

James Locke Neller, MD* and Erwin R Schmidt, M D 

Madison, Wisconsin 

The purpose or this paper is to introduce a new and simple test which 
promises to be an accurate means of revealing certain fundamental facts of 
diagnostic, prognostic, and therapeutic importance m cases of peripheral 
vascular disease In the authors’ experience to date, this test appears to be 
the least time-consuming and most easily readable method of study now in 
use for similar purposes Clinical correlation, comparison with other known 
methods, and a sound basis in logic attest to its reliability The information 
obtained (i) reveals data regarding the extent and degree of vascular 
insufficiency, (2) apparently indicates whether the predominant difficulty 
is organic or vasospastic, (3) helps determine the prognosis of the studied 
limbs , (4) aids m deciding the therapeutic approach best suited to the 
individual, and (5) locates the lowest level of amputation (when necessary) 
which can support prompt healing ' 

The test consists of observing the presence or absence of fluorescence 
in surface scratches made fluorescent by injection of intravenous fluorescein 
followed by inspection under specially filtered ultraviolet light Presentation 
of the important elements comprising the test follows 

SURFACE FLUORESCENCE 

In 1931, Lange and Wollheim 1 demonstrated that the luminescent property 
of fluorescein could be observed in the body surfaces if after intravenous 
injection of this substance, a proper light source was used Technical diffi- 
culties precluded immediate general adoption of this discovery, but by 1942 
it had been worked out m a practical way and was presented with several 
recommended clinical applications 2 This presentation opened a new field for 
clinical investigation, and since then Lange, and his coworkers, 3 ’ 4 ’ 5> 6 ’ 7 and 
others, 8, 8 > 10 ’ 11 have developed many effective ways of using the technic 
and have established its harmlessness Credit is due these men for the 
discovery and development of a widely applicable clinical tool 

One of the applications of the technic set forth by Lange and Boyd was 
its use as a test for peripheral vascular disease When so employed, skin 
fluorescence was said to be delayed, less intense, or absent where reduced 
vascularity existed On the basis of this report, the procedure was adopted 
at the Wisconsin General Hospital as a comparative method in a general 
study of the various tests for peripheral vascular disease The results 
obtained were disappointing Fluorescence regula rly appeared wherever 

* Former Resident Instructor in Surgery, State of Wisconsin General Hospital, 
Madison, Wis Now Lt (j g ) Medical Corps, U S Naval Reserve 
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vascular flow of a degree sufficient to prevent complete infarction existed 
The delay in appearance of fluorescence, which was said to occur m areas 
of reduced vascularity, was never observed with certainty, and the intensity 
was affected by so many extraneous factors that it could not be accurately 
evaluated In areas of. dermatitis or pigmentation, fluorescence was reduced, 
spotty, or absent, in aieas of inflammation and/or infection, it was promptly 
and brilliantly appaient, regardless of obviously reduced circulation, and 
even where the skm was not visibly disturbed, local vasomotor effects or 
unknown factors caused a marked variation m intensity Furthermore, 
foreign matenals such as boric crystals, vaseline, and common antiseptics 
produced interfering fluorescence of their own and at times could not be 
adequately removed m important areas Lange freely admits many of these 
difficulties and states that careful judgment in reading the test is a primary 
requisite In his hands, results have been better, but the care and experience 
necessary to properly interpret the test seem to us to hamper its effectiveness 
as a generally acceptable procedure For these reasons, it was about to be 
discarded when the discovery was made that employment of skm fluorescence 
as a method of measuring the fundamental skm response to injury resulted 
in a simple, practical, and effective test 

SKIN REACTION TO INJURY AND ITS SIGNIFICANCE 

It is a matter of fundamental knowledge that the skm responds to 
injury by the production of a reaction which has as its purpose the ultimate 
repair of the injury The degree of reaction is dependent on the extent of 
trauma and the ability of the tissue to respond 

Normally, the skm reacts to a simple scratch, pinprick, or the introduction 
of histamine with a triple response 12 The difference m reaction to these 
various agents is quantitative only The first elemen| is the “red” reaction 
which appears quickly at the exact point of injury This reaction appears 
regardless of nerve supply or blood flow, and is due to a local active vaso- 
dilatation of the teiminal arterioles, venules, and capillaries of the skm The 
second element is the so-called “flare” which irregularly surrounds the point 
of injury as a pink halo This phenomenon represents an axon reflex 
causing vasodilatation m the slightly larger well muscled group of arterioles 
m the skm, and depends for its occurrence on both an intact local nerve 
supply and relatively normal blood flow In the absence of either or both 
of these factors it does not appear The third element is the appearance 
of a “wheal ” This part of the reaction is due to an alteiation m permeability 
of the Vessel walls and never occurs unless adequate blood flow is present 
It is independent of nerve supply 

Examining the evidence, it becomes apparent that the wheal is the onl> 
part of the tissue response which owes its existence to only one major 
factor, namely, blood flow 

The histamine wheal test, clinically practical because of producing grossly 
visible wheals, is based on this reasoning The appearance of wheals mdi- 
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cates leasonable blood flow, and the time of appeal ance and size of the 
wheal gives a lelative estimate as to the amount of that flow In this 
hospital we have used the histamine wheal test for several yeais, and have 
preferred it to otheis as a piactical and roughly reliable test for the extent 
and degree of vascular impairment Howevei, it is time-consuming, painful, 
potentially dangerous and open to eirors in reading and interpretation 
Moreover, it represents a forced 1 espouse of tissue to strong stimulation 

If a method weie known wheieby the wheal reaction to a less forceful, 
smallei , and painless source of irritation, such as a scratch, could be 
definitely and snnph demonsti ated, the accuracy and reliability of the wheal 
test would be enhanced and the objections to it largelv abolished The intra- 
venous fluoiescein ultiaviolet fluoiescence method of Lange has been dis- 
covered to be the answei to this problem Quite by accident, during the 
routine fluorescence examination of a seveiely impaired leg, it w'as noted 
that minute areas of trauma made immediately before injection of the 
fluorescein appealed bnlliantly fluorescent from thigh to upper calf, and 
w r eie completely nonfluorescent below r The general skin fluorescence was 
jiresent to the tips of the toes and absent only where actual gangrene was 
present 

Caieful investigation of the modus opacuidt of this phenomenon has shown 
that sciatch fluorescence appears only when a wheal response occurs The 
following facts have shown this to be true 

t Intravenous fluorescein is injected and allowed to circulate for two to three minutes 
^ tourniquet is then applied to the arm and the intravascular pressure is allowed to 
equalize A scratch is then made below' the tourniquet The “red” reaction appears as 
mual in the scratch, but inspection under special light reveals no fluorescence The 
tourniquet is then released and the fluorescence soon appears in the sciatch marks 
Therefore, the red reaction itself is not responsible for fluorescence Furthermore, if 
it were responsible, all scratches should fluoresce regardless of vascularity since this 
element is independent of blood flow 

2 Scratch fluorescence is not due to the “flares” since this element is irregular and 
spread out from the area of injury, whereas the fluorescence is limited to the scratch 
Furthermore, obvious flares made by intradermal injection of histamine do not appear 
fluorescent 

3 When a histamine wheal is made, followed by intravenous injection of fluorescein, 
the area of the wheal is seen to be brilhantlv fluorescent *' 

The test theiefore, offeis a simple way of determining the ability of tissue 
to pioduce minute, grossly' invisible wheals to mild, painless surface scratches 
Since w heal formation is entirely dependent on active vascular flow', the effect 
of the test is to measuie the point distal to w'hich vascular flow' falls below 
a critical level Absence of fluorescence leveals an incomplete repair response 
and consequently must indicate delayed ability to heal This fact is further 

* This discovery was made b> Nathanson 31 and used by him for measuring circula- 
tion tunc in any part of the body We have used this procedure as an improved method 
of reading the regular lnstamuie wheal test for peripheral vascular disease However, 
we discarded this m favor of the scratch method for reasons mentioned above 
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substantiated by obseivation of 
the scratch marks under oidi- 
nary light, five to seven days 
after the test At this time, it 
can be readih seen that the 
marks above the level of absent 
fluorescence are piacticalh 
healed, wheieas below this level 
the) are still m the process ot 
healing (Fig i) Othei clinical 
data points to the veracity ot 
this interpretation 


EQUIPMENT 

Fhicn escetn — Fluorescein 
(resorcinophthalein) is a lead- 
il) available, inexpensive non- 
toxic acid dye, first emplov ed 
intravenously by Erlich 13 in 
1822 and applied chmcalh since 
then in many fields 14, 15 ’ 10 17, 1S 
Though several forms of fluoie- 
scem have been used for this 
purpose, our experience is lim- 
ited to the use of a 20 pei cent 
solution of sodium fluoi escein in 
distilled water, autoclaved 111 
50 to 100 cc colored dispensing 
bottles for 1 5 minutes and given 
in 5 cc doses This solution is 
stable and easily made When 
injected intravenously, it dif- 
fuses rapidly into the tissue 
fluids Its intensity depends 
not only on dosage, but appar- 
ently also on the protein content 
of the body fluids — since it is brilliant in lnflammatoiy exudates and poorh 
visualized 111 edema of stasic origin ^ The dye is lapidly excieted by the kid- 
neys and secretory glands in unchanged form Clinically, it produces an ictenc 
tint to the skin for two to three days, colors the urine atid body secretions for 
three to four days, and causes false positive urine sugar tests foi four to 
five days Fluorescein should probably not be given to cases with severe kid- 
ney damage associated with significant nitrogen letention Fluids should 
be forced for two to three days after injection in all cases No serious com- 

< Wheal fluid has appioximateh the sum protein content as blood serum (Lewis) 
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-(Photograph taken fi\e da\s after test 
Note the dela) in healing of the scratches below 
the inked mark where scratch fluorescence disappeared 
The last two marks abo\e the line showed decreased 
fluorescence 
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plications have ever been reported from the intravenous use of fluorescein 
in spite of extensive experience in many clinics The only complication vve 
have seen is the occasional occurrence of slight nausea during injection 

Filtei ed TJltiaviolet Light — It has long been known that special short 
wave light reveals characteristic fluorescence in certain substances Lange 
showed that light with a wave length of from 3600 to 3800 Angstrom units 
reveals the optimum luminescence of fluorescein A source of ultraviolet may 
be made to transmit waves of this frequency by the additfon of a purple 
filter (Corning glass No 587-Lange) or the special filter designed for this 
purpose by Wood, 19 and known by his name We have used a Mazda AH4 
mercury vapor bulb set in a projector housing with a condensing focus lens/t 
as our source of light The small purple glass filter is clipped inside the housing 
at the point of light passage into the condensing lens The housing is mounted 
on a triangle stand with screw clamps to allow movability A General 
Electric autotransformer is incorporated on the base of the stand to step up 
the voltage sufficiently to allow the bulb to function The light so obtained 
is very effective in revealing surface fluorescence Though various other, 
and some less expensive units have been suggested by others, we have had no 
experience with them, and feel that it is important to have a standard and 
adequate source of this special light for good results Many additional 
clinical uses for this type of light have been described, and it is particularly 
valuable m the fields of ophthalmology 20 and dermatology 21 

TECHNIC 

The patient is wheeled into a room which can be darkened The legs 
are exposed from low thigh to the toes The inner or outer aspect of the 
entire leg and foot on both sides is prepared by washing with alcohol A 
series of superficial scratches are made at two-inch intervals down the legs 
in comparable places The lowest scratch mark can be made at the base of 
the toes on the dorsum of the foot It is rarely important to go farther than 
this, since such detail of information is not necessary The sciatches are made 
by repeatedly (five to ten times) stroking the skm in the same spot with 
an hypodermic needle They do not have to be deep, and do not have to draw 
blood A little experience with the method quickly reveals how to make these 
marks evenly They can be placed to avoid obvious areas of dermatitis 
and inflammation As soon as the marks are completed, five cubic centimeters 
of 20 per cent sodium fluorescein solution is injected intravenously at a 
normal rate The room is darkened, and, without delay, the filtered ultra- 
violet light is played upon the scratched area The test can be read within 
one to two minutes, which is just about the time necessary to darken the 
room and allow ultraviolet light to reach its peak intensity The test does 
not change appreciably after this period and remains readable for over an hour 

t Made by the Central Scientific Company of Chicago 
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METHOD OF READING TEST 

The major fact to observe is the level at which the marks cease to be 
fluoiescent If present, this change is always abrupt and easily seen Some 
patients show another type of level, marked by a definite decrease m 
intensity of scratch fluorescence This should also be noted and may occur 
alone or in combination with a lower level where fluorescence disappears 
General luminescence of the skm of varying intensity can be seen in the 
background but never interferes with reading the scratch test, since the 
latter areas are much more intense and localized 

Discussion — While experience with the method is not large enough for 
conclusive statements, correlation to clinical examination, other known tests, 
and end-results point to the fact that scratch fluorescence gives reliable factual 
data regarding the degree and extent of vascular impairment Further 
correlations are underway and a latei paper is planned to more carefully 
evaluate this data 

Before presenting the conclusions which can be drawn from the test, 
it must be carefully emphasized that the information obtained by this technic 
concerns only the vascular situation While the importance of this data is 
not to be underiated, it should never be used as a sole criterion foi treatment, 
for it answers only one of the many questions of equal importance to be 
considered m this decision Some of these other factors are The age of 
the patient, his geneial health, his mental condition, his neuromuscular 
ability, his desire for or against amputation, his economic situation, his 
occupation, the presence or absence and degiee of gangrene, the presence 
or absence of infection and/or osteomyelitis, the degree of sepsis, and the 
type of vascular disease presented There is no test good enough to obviate 
the necessity for careful clinical judgment and individualization of cases 
With this well in mind, the following conclusions can be drawn regarding 
the significance of the test They should be used as clinical aids, and not 
solutions of the problems presented 

1 When scratch fluorescence is present to a certain level, and absent 
distal to that point, severe organic vascular impairment exists below the last 
fluorescent mark sufficient to seriously affect the ability of the tissue to repair 
itself Though local and general treatment without leg amputation may be 
attended by healing, the result is likely to be only temporary, and requires 
prolonged hospitalization (See Case i ) 

2 When scratch fluoiescence is equally and brilliantly present in all 
marks, significant organic vascular disease does not exist in the tested areas 
Vasospastic disease apparently does not affect the test, and may be pre- 
dominantly responsible for symptoms m these cases (See Case 2 ) If 
gangrene is present distal to the last fluorescent mark at the base of the toes, 
the process is shown to be largely a local one Local and general treatment 
with removal of necrotic areas are apt to be followed by healing and return 
to good function (See Case 3 ) 

3 When scratch fluorescence is present throughout, but of definitely 
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deci eased intensity below a ceitam point, a graded degree of vascular disease 
exists Immediate prognosis undei local and geneial tieatment is good, but 
ultimate prognosis is guarded (See Case 4 ) 

4 Amputation in areas of absent sciatch fluoiescence is likely to be fol- 
lowed by pool 01 absent healing requiring re-amputation at a higher level 
(See Case 5 ) Amputation in areas of decreased fluorescence is hazardous 
(See Case 6 ) 


CASE SUMMARIES 

Case i — H E, a 66-veai-olc! male, entered the Wisconsin General Hospital with 
infected gangrene of the left gieat toe, hmphangitis, and abscess formation in the latual 
midcalf area Pulsations on the affected side were absent m the popliteal, postenoi 
tibial, and doisahs pedis arteries On the right, pulsations were absent in the posterior 
tibial and dorsalis pedis arteries Scratch fluorescence was absent below the tibial 
tubercle of the affected leg, and present m all marks on the good leg, though of decreased 
intensity below the tarsometatarsal joint area The impression was that of severe 01 game 
arterial insufficiency below the tibial tubercle on the left and significant but not critical 
impairment in the right foot In view of a careful study of all other factors bearing 
upon the case amputation was advised at the low thigh level This was refused by 
the patient Conservative treatment, including drainage of the abscess, was instituted 
The infection began to clear and improvement was noted The scratch fluorescence test 
was repeated one week later and showed no change Amputation was again advised 
and refused Continuation of therapy and surgical removal of the gangrenous toe 
were carried out Four w'eeks later, the leg appeared to have greatly improved The 
infection had cleared, and the pain was gone However, the surgical wound remained 
unhealed The scratch fluorescence test was again repeated and showed improvement 
in circulation since sciatch fluorescence w'as now present to the supramalleolar level 
However, it w r as of definitely deci eased intensity between the tibial tubercle and 
the malleoli, and absent below this point Conservative tieatment is being carried on 
and w'e believe that eventual healing will occur under optimum conditions However due 
to the extent and degree of the disease, we expect this healing to be temporary and 
feel that the patient will return shortly after resuming normal activity because of 
persistent and progiessivc difficulties The case illustrates the delayed healing which 
was indicated by the scratch fluorescence test and also demonstrates the value of the 
test as a method of detecting impro\ement under treatment 

Case 2— E Z, a 65-year-old diabetic woman, entered the Wisconsin General Hos- 
pital because of pain, coldness, numbness, and impaired function of the left leg Examina- 
tion revealed both legs to be cool and slightly moist No gangrene was present, and 
pulsations were palpable in all arteries Scratch fluorescence was promptly, equally, 
and brilliantly present in both legs from the thigh to the ends of the metatarsals Pre- 
dominant vasospastic disease W'as diagnosed, and treatment with heat, massage, and 
mecholyl resulted in relief of symptoms and return to function From this case and 
others like it, it appears that scratch fluorescence is not affected by \asospastic disease 

Case 3— H D, a 57-yeai-old diabetic male, entered the Wisconsin General Hos- 
pital because the local area where several gangrenous toes had previously been removed 
by chemosurgery- 2 had failed to heal The pulsations m the arteries of this leg were 
absent in the popliteal, posterior tibial, and dorsalis pedis arteries In the opposite leg 
the posterior tibial and dorsalis pedis pulsations were absent There was an indolent 
ulcer at the site of pievious chemosurgical treatment Roentgenograms revealed osteo- 
myelitis in the ends of the two metatarsal bones underlying the ulcer The question 
was raised as to the proper course of therapy, and amputation of the leg was recom- 
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n ended A sci atch fluorescence test was done and fluorescence was present to within 
one inch of the ulcer It was present and of good intensity throughout the opposite 
leg but was decreased in intensity in the lower one-half of the foot Local removal 
at a slightly higher lei el was consequent!} suggested and performed including the 
infected bone Healing has progressed rapidly and the patient is nearing the time for 
Ins discharge In this case, leg amputation was prevented because the reason for poor 
healing was shown to be predominantly local 

Case 4 — A B, a 65-year-old white male, entered the Wisconsin General Hospital 
because ot increasing coldness and paresthesia in the right foot and intermittent claudica- 
tion of the 1 lglit leg Examination revealed definite decrease 111 temperature on the right 
compared to the left leg, extending to mid calf All pulsations were present except 
the right postei lor tibial and dorsalis pedis Scratch fluorescence w'as present in all 
maiks of both legs and feet, but from mid calf down on the right, they were defimtel} 
less brilliant than the opposite leg Significant, though not critical vascular tissue 
stare ation of the right leg was diagnosed Conservative treatment resulted in moderate 
improvement, and he w T as discharged If he follow's instructions, a considerably long 
period of actmt} will be afforded him How’ever, w'e expect his arterial disease to 
gradually become more severe and necessitate his return for moie drastic tieatment 
The abilitv of the test to show lesser degrees of vascular impairment is demonstrated 

Case 5 — J W , a 63-} ear-old female, had been a patient 111 this hospital one year 
prior to the present entry At that time, diagnoses of malignant hypei tension, general 
artenosclerosis, and bleeding gastric ulcer w'ere made A gastric resection w'as done 
During hei convalescence, she began to develop gangrenous ulcers of her left foot 
and calf Pulsations w'ere absent below the left femoral The disease progressed, and 
amputation w'as done by the Callander technic The wound failed to heal at that level, 
and reamputation at midthigh was necessitated She was discharged following uneventful 
healing and leturned one yeai later because of pain, coldness, numbness, and paresthesia 
of the remaining leg No gangrene was present Pulsations below the femoral were 
absent There was speculation as to whether a Callander amputation could be done on 
this side (conservative treatment having failed) Scratch fluorescence was present to 
the level of the adductor tubercle on the right thigh and absent below this, showing that 
Callander amputation would have met the same fate as it had previousl} when done on 
the left leg Midthigh amputation was done Though we have no case m which 
amputation was deliberately done in an area of absent scratch fluorescence, this case 
illustrates by inference the probable results 

Case 6 — W McL , a 66-year-old man, had previously been a patient in the Wis- 
consin General Hospital because of Buerger’s disease Chemosurgical removal of a 
gangrenous ulcer had been performed, but not attended by complete healing He returned 
for further treatment Scratch fluorescence was present to the immediate supramalleolar 
level, but absent below There was also a level at the tibial tubercle, below which the 
scratch fluorescence was decreased in intensity It was decided to tr} a calf ampu- 
tation This was followed by healing of the suture line, but a pressure necrosis ulceration 
over the area of the beveled edge of the tibial stump occurred The low resistance 
of the tissue there allowed this to reach considerable size before debridement and local 
measures checked it Healing was progressing well though at a somewhat reduced rate 
when it was decided that the best result would follow reamputation at the supracondylar 
level This was done with prompt healing This case illustrates the poor results of 
local treatment m areas of absent fluorescence and also the somewhat impaired healing 
ability in areas of decreased fluorescence 

It must be emphasized that, though the test indicates the lowest level of 
amputation likelv to be attended by prompt healing, it is not to be concluded 
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that such a level or its vicinity is necessarily the site of choice We feel 
strongly that aged, decrepit patients should have an amputation (when 
necessary) at a level not only where healing will occur, but where it will 
be permanent To amputate these cases below the knee is to court trouble, 
and offei s no particular advantage On the other hand, in younger persons 
with greater reserve who lequire amputation, the test affords a method of 
selecting the lowest feasible level, and allows better functional results 
Though certain of these cases may require later reamputation, they have 
been afforded a more active life m the interim, and are better able to stand 
a second operation 

SUMMARY 

A new, simple, and apparently reliable test for extent and degree of 

vascular insufficiency is introduced Its component parts are described, 

and their bases in logic discussed The equipment necessary, and the technic 
of performance are presented Clinical considerations are outlined with^cases 
to support them It is recommended that other clinics adopt the procedure 

and furthei analyse its possibilities A later paper is planned in which 

a more exhaustive evaluation will be piesented 

REFERENCES 

1 Wollheim, E, and Lange, K Verhandl d Deutsch Geselsch f Inn Med Kong, 

43, 134, 1931 

2 Lange, K , and Boyd, L J The Use of Fluorescein to Determine the Adequacy of the 

Circulation Med Clin N A , 26, 943, May, 1942 

3 Lange, K , and Boyd, L J Technic of the Fluorescein Test to Determine Vascular 

Disease, Circulation Time, and Capillary Permeability Bull N Y Med Coll, 
6, 78, June, 1943 

4 Herrlin, J O , Jr , Glasser, S T, and Lange, K New Methods for Determining the 

Viability of Bowel Arch Surg, 45, 785, November, 1942 

5 Lange, K The Vascular Prerequisites to Successful Skin Grafting Surgery, 15, 

No 1, 85, January, 1944 

6 Lange, K , and Boyd, L J Objective Methods to Determine the Speed of Blood Flow 

and Their Results (Fluorescein and Acetylene) Am J Med Sc , 206, 438, 

October, 1943 

7 Lange, K , and Krewer, S E The Dermofluorometer J of Lab and Clin Med , 28, 

No 14, 1746, November, 1943 

R Dingwall, James A III A Clinical Test for Differentiating Second Degree from 
Third Degree Burns Annals of Surgery, 118, 427, September, 1943 
9 Dingwall, James A III Fluorescein Test in Tubed and Pedicle Grafts, Bull Johns 
Hopkins Hosp , 73, 129, August, 1943 

19 Fishback, D B, Guttman, S A , and Abramson, A B Objective Method of De- 
termining Blood Velocity (Fluorescein Method) Am J Med Sc , 203, 535> 

April, 1942 

14 Nathanson, M H , Merliss, R A Method for Study of Circulation Time Throughout 
the Vascular System Proc Soc Exp Biol and Med, 53> Ho 2, 261, June, 1943 

12 Lewis, Thomas The Blood Vessels of the Human Skin and Their Responses Shaw 

and Sons, Ltd , 1927 

13 Erlich, P fiber Provocirte Fluorescenzer, Scheinungen am auge Deutsche Med 

Wchnschr , 8, 35, 1882 


336 



Volume 121 
Number 3 


WHEAL-FLUORESCENCE 


11 Bonar, B , and Bailey, L G Diagnostic Value of Sodium Fluorescein in Epidemic 
Cerebrospinal Meningitis Am J Dis Child , 40, 493, September, 1930 
Burman, S , and Shinto, C J Arthroscopy for Fluorescein Arch Phys Ther , 16, 
423, July. 1935 

1G Robinson, H G Fluorescein Aid in Gastroscopy Am J Dig Dis, 10, 181, 
May, 1943 

17 Peyri, J Mercedel, Dulanto, F, and Cuchi, F Pulido Intravenous Fluorescein in 

Perniosis Actas Dermo-Sif, 34, 308, January, 1943 

18 Gifford, H Fluorescein Intravenously Used as an Aid to Ophthalmologic Diagnosis 

and Treatment Arch Gphthal , 24, 122, July, 1940 

19 Wood, Robert Physical Optics The MacMillan Company, New York, 1921, Pg 558 

20 Hildreth, H R Fluorescence Lamp for Cataract Surgery Am J Ophthal, 19, 

770, September, 1936 

23 Giraudeau, R Use of Wood’s Light m the Diagnosis of Cutaneous Diseases J 
de Med et Chir Prat, 109, 66, February 10, 1938 
22 Mohs, F E , Sevrmghaus, E L , and Schmidt, E R Conservative Amputation of 
Gangrenous Parts by Chemosurgery Annals of Surgery, 114, No 2, 274, 
August, 1941 


337 



POOLED HUMAN SERUM* 

Capt \in Edward B Self, M C , A U S , William Tiialhimer, M D , 
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FROM Tlir DEPARTMENT Or SURGERY PRESBYTERIAN HOSPITAL, AND THE SURGICAL PATHOLOGY LABORATORY 
OF THE COLI EGE Or PHYSICIANS AND SURGEONS, COLUMBIA UNI\ FRSITT , NEW YORK N Y 

During the pasi tour years, the mechcai iiteiatuie has contained mam 
ai tides dealing with the advantages of pooled human plasma as a blood 
substitute In England and Canada, the use of pooled human seium has 
been extensive , experiences with serum m the United States, howevei , have 
been limited to a small nurnbei of obseivers, and, this, despite the favorable 
lesults published in the English journals The piesent paper is a repoit 
on the administration of 297 units of human serum to 136 diffeient patients 
Expenmental Backgi ound — The therapeutic efficacy of serum in shock 
has been firmly established Best and Solandt 3 produced shock in 70 dogs 
by thiee different methods ( 1 ) histamine administi ation , (2) skeletal trauma , 
and (3) extensive hemorrhage Their dogs were under nembutal anesthesia 
Hematocrits, blood volume determinations (blue dye method), and serum 
proteins weie done Some animals weie in shock from three to five hours 
They found that, wheieas, injections of adrenalin and pituitrin were ineffective, 
and dextrose and saline were temporarily effective, infusions of serum were 
followed by recovery in 60 out of 70 dogs Bond and Wright 0 induced shock 
in 31 dogs by manipulation of the intestine, by trauma, and by bleeding 
The blood pressure was kept between 50 and 60 mm of mercury for one- 
half to two hours before theiapy was staited Controlled and saline infused 
dogs all died rapidly, whereas, dogs treated with serum lived for the duration 
of the experiment Magladeiy 22 states that serum and plasma are equally 
effective in ti eating expei imentally induced shock, but that concent) at ed 
serum is no bettei than isotonic serum George Whipple, 31 in plas- 
maphoresis expei iments, showed that when the red cells were suspended 
in dog’s serum and reinjected “the toxic effect of the plasma depletion is 
removed Thus blood serum piotems are stabilizing 01 protective factors 
This may be their most important function ” 

That serum is effective, likewise, in coirectmg shock in humans is 
attested to by numeious observers Bick, 3 in Australia, Best and Solandt, 4 
m Canada, Hayes, 11 in India, and many workers in England are enthusiastic 
about the use of serum 8 - 9 ’ 10> 28 In the United States, however, the pendulum 
has swung so far over in favoi of plasma that clinical experience with serum 
is more limited Elliott, 12 Hughe s, Mudd, and Strecker, lc > 1T Levinson, 20 ’ 21 

* This article is based wholly upon observations made at the Presbyterian Hospital, 
New York, N Y, before Captain Edward B Self entered active military service 
Much of this paper is a condensation of a thesis submitted by r Captain Edward B 
Self in partial fulfillment of the requirements for the degree of Doctor of Medical 
Sciences, Columbia University, New York, N Y , awarded in May, 1943 
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HI Normal saline 
M 10 % Glucose 
HI 5% Glucose in saline 
(DU 5 % Glucose 
S Serum 
P Plasma 
T Blood transfusion 

Fic i —(.Reproduced from Scudder, J , and Elliott, R H E , Jr , South Med and Surg , 104, 

651 658. 19 4 ^) 
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Necheles, 23 and Strumia 29 have used serum fairly extensively, and some 
experience has been had by others 11 * 14 Hyland 18 prefers serum in trans- 
fusing children because the sodium citrate in plasma may combine with 
calcium to cause tetany The consensus of opinion appears to be that serum 
is equally as effective as plasma, although associated with a higher incidence 
of reactions 

Our series includes 49 cases of shock The response of these patients 
to serum infusion was excellent and, as might be expected, was exactly 
the effect one would have anticipated from an equal amount of plasma 

The liquid serum was provided by Dr William Thalhimer, of the Man- 
hattan Convalescent Serum Laboiatory Blood was obtained for this project 
from American Red Cross donois Prerequisites for blood donations were 
a negative history for syphilis, malaua and recent infectious disease, normal 
temperature, hemoglobin over 80 per cent, normal pulse and blood piessure 
Five hundred cubic centimeteis of blood uere diawn into a sterile bottle 
and clotting allowed to occur Undei sterile technic, the clot was cut into 
four paits and allowed to stand overnight in the refngeiator so that 
maximum letraction could take place In the morning, after centrifuging, 
all serum and loose cells were drawn off and again centrifuged Only 
clear supernatant serum was now withdrawn This was tested for con- 
tamination and the serum held for seven days in the refrigerator until the 
bacteriologic tests assured sterility Only seiologically-negative serum was 
used Enough serum was now pooled to make up nine liters (from approxi- 
mately 45 donois) and further sterility tests were done Merthiolate was 
added to make a dilution in the serum of 1-10,000 The pools were then 
filtered thiough 10- x 3-inch Mandler filters, and the serum was drawn 
for final steuhty tests after which the ampoules were sealed with a blow 
torch The propoition of the blood groups in the laigest pool was blood 
group O —48, group A — 38, group B — 8, and group AB — 4 

Diied seium was supplied thiough the coopeiation of Dr C P Rhoads, 
of the Memorial Hospital, New York It was prepaied fiom the frozen state 
by the method of Folsom, 13 at Doctoi Thalhimer’s laboratory 

Analyses of the electrolyte content of serum pools weie done for 
sodium, potassium, carbon dioxide, and chlonde All figuies were within 
normal range (except for CO2, which was low) The protein content of the 
serum pools as determined by the micio-kjeldahl method was between 6 8 
and 7 o grams per cent This contrasted with a figure of 4 5 to 5 5 grams 
per cent for many plasma pools tested The higher protein concentration of 
the serum is, of course, due to the fact that no anticoagulant and diluent had 
been employed 

All infusions weie given without previous cross-matching, and with no 
consideiation paid to the blood group of the particular patient In the 
early months, when concern was held for possible severe reactions, the pulse, 
respiration, blood pressure, and rectal temperature of the patient were 
recorded before, during, and after administration , and m some cases, 
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electrocardiograms were done After the giving of serum, rectal tempera- 
tures were taken every hour for four to six hours Late reactions were 
watched for Venous pressuie readings were measured before, during, and 
after some infusions Blood samples were drawn immediately before, 10 to 
60 minutes after, and 24 hours after giving of serum Hematocrit and 
plasma proteins 24 were done on these samples, and m many instances the 
concentration of sodium, potassium, chloride, and carbon dioxide capacity 
were determined 27 W ith few exceptions the serum was given via infusion 
sets which had been cleaned by a strict technic and which were autoclaved 
within four hours to eliminate, as far as possible, pyrogenic contamination 
Later in the study, blood bank infusion sets were used, and no increase in 
the rate of reactions was noted 

The total number of units of serum transfused was 297, all but a few 
of the units being in 500 cc amounts The quantity of serum administered 
at a single injection varied from 50 cc in a few babies to a maximum of 
4000 cc in a bum case The total amount given in seveial infusions to one 
patient was 5850 cc The average dose of serum per case was 580 cc 


UNITS OF SERUM USED 

Liquid, pooled 196 

Fresh (1-2 days) 5 

Dried pooled 85 

Fresh (5 days) 2 

Concentrated (3 times) 6 

Miscellaneous 3 

Total 297 

THE CLASSIFICATION M ITH THE DISTRIBUTION OF CASES 

1 Shock cases 48 

a. Due to skeletal trauma 3 

b Due to hemorrhage 19 

c Due to dehydration 7 

d Operative and postoperative shock 18 

e Due to blood transfusion 1 

2 Burn cases 15 

3 Septic cases 1 4 

4 Hypoproteinemia 22 

5 Prophj lactic (before and after operation) 22 

6 Miscellaneous 15 

Total cases 136 


Shock Due to Skeletal Trauma — The three patients in this group had 
multiple compound fractures One was bleeding from the external auditory 
meatus, and had obvious cerebral injury He died shortly after arrival, 
while serum was still being transfused The second case lived after ampu- 
tation through the condyles of humerus for compound fracture The third 
case (age 70) died 24 hours later Autopsy revealed a fractured skull 
with laceration of the brain 

Shock Due to Hemonhage — Nineteen cases were included in this cate- 
gory In general, these patients were benefited by serum therapy Six died, 
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four from continued bleeding within 12 to 36 hours after serum (laceration of 
aorta, bleeding esophageal varices, wound of the vena cava etc ) All except 
two had either transfusions of whole blood 01 red blood cells 

The lowest hematocrit m this senes to suivive was 165 per cent The 
smallest amount of serum lequired foi treatment was 250 cc , the largest 
1500 cc , with the aveiage being 750 cc 
The following case is illustrative 


DI VGNOSIS RUPTURED ECTOPIC PREGNANCY 



NO 

633812 v G 



Date 

Time 

Hematocrit 

Plasma proteins 
Plasma sodium 
Plasma potassium 
Plasma chlorides 

- 

2/15/41 

12 30 pm 

23 8 % 

6 0 Gm % 
134 4 mEq /L 

3 7 mEq /L 
105 3 mEq /L 

Opera 

tion 

2/lo/41 

2 20 pm 

21 3 % 

6 5 Gm % 
132 1 mEq /L 
3 7 mEq /L 
105 0 mEq /L 

Therapy 400 cc normal saline and 

500 cc serum given before operation 




400 cc serum during operation 
500 cc blood after reaching ward 

Remarks Patient in shock Given saline follow ed by serum before and during 
operation Shock responded well Convalescence uneventful 


Shock Due to Dehydration — Seven cases fall in this class In these states 
serum and salt aie the medications of choice Transfusions of whole blood 
may be contraindicated because of the elevated cell volume The following 
is presented as an example of several we have seen, % e , dehydration shock 
suddenly occurnng m a patient where the loss of fluid and base from an 
enterostomy, 01 fistula, is not properly evaluated Such collapse is often 
unsuspected because the unnaiy excretion appears to be adequate, and it is 
erroneously assumed that the state of hydration is satisfactory 


Date 

Time 

Hematocrit 
Plasma proteins 
Plasma sodium 
Plasma potassium 
Plasma chlorides 


DIAGNOSIS COMMON BILE DUCT TISTULA 
NO 627438 N B 


4/22/41 

9 00 AM 
50 3% 

10 2 Gm % 

7 2 mEq /L 


1000 cc serum 
followed by 
500 cc saline 
and 1000 cc 
of dextrose 


4/22/41 
3 30 PM , 

33 5% 

8 1 Gm % 
127 4 mEq /L 
6 9 mEq /L 
104 1 mEq /L 


2000 cc 
5% dextrose 
400 cc serum 
clysis of 
3000 cc 
5% dextrose 
in saline 


4/26/41 
10 00 AM 
25 5% 

6 7 Gm % 
132 6 mEq /L 
4 9 mEq /L 
1113 mEq /I 


The magnitude of hemoconcentration is not appreciated from the hematocrit alone 
and illustrates the necessity of simultaneous plasma protein determinations This Case 
also shows the characteristic increase in potassium concentration together with the 
typical decrease m sodium concentration associated with base depletion in this instance 
due to loss of bile 

Clinically For two days before collapse, the patient was mentally confused and 
drowsy, with dull eyes and cold extremities Following treatment with fluids and 
serum, her skin became warm and her general condition immediately improved 

Operative and Postoperative Shock — Of 18 patients m this group all 
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but one aie lecorded as showing improvement following serum The indica- 
tion foi therapy was a falling blood pressure during a prolonged operative 
proceduie 01 during the postopeiative course The systolic blood pressure 
•was usually below 80 when theiapy was begun Blood studies after serum 
demonstiated the expected hemodilution together with a fall m plasma 
piotem concentration 

TABLE I 

*Hemo- *Hcm-a- *Plasma *Plasma * Plasma *Plasma *Plasma *Whole Blood *Ccll 
globin tocrit Proteins Sodium Chlorides C0 2 Potassium Potassium Potassium 
{Gin %) (7o) {Gin %) Combining 

Power 

(milhequivaluits per liter) (milhequivalents per liter) 


Normal values 

14 5 

47 0 

7 0 

142 0 

103 0 

27 0 

4 40 

50 0 

103 0 

Da\ 

s Time 










1 

6 40 AM 

18 6 

57 4 

6 77 

139 7 

104 8 

14 7 

4 28 

55 6 

93 8 


10 20 AM 

21 8 

70 7 

6 77 

141 0 

107 0 


4 50 

67 9 

94 2 


1 OS PM 

20 1 

66 2 

6 97 

142 4 

105 4 

14 5 

5 25 

64 7 

95 1 

2 

7 43 AM 

23 2 

73 0 

4 59 

134 7 

103 9 


4 92 

67 5 

90 6 


1 30 PM 

18 3 

57 3 

4 80 

132 3 

104 7 

14 4 

4 24 

57 7 

97 5 

3 

8 30 AM 

16 8 

51 5 

4 69 

134 2 

106 1 

16 4 

4 29 

50 2 

93 5 

4 

8 00 AM 


52 2 

4 76 

133 7 

98 7 

18 9 

4 53 



6 

7 30 AM 


38 2 

5 14 

139 3 

107 4 

19 2 

4 45 



/ 

9 30 AM 

11 2 

33 8 

5 61 

146 0 

108 1 

18 8 

3 81 

35 0 

96 1 

S 

10 45 AM 


33 0 

6 16 

153 0 

1150 

24 4 

3 67 

36 8 

104 2 

9 

3 00 PM 


32 7 

6 33 

148 2 

112 3 

23 2 

4 07 

37 0 

104 8 

IS 

1 00 PM 


36 4 

5 75 

141 9 



2 92 



22 

4 00 PM 

12 2 

38 9 

619 

136 0 

103 9 

25 0 

3 92 

45 9 

111 8 


♦Yen'” « flinch 











(Reproduced from Scudder, J , 

and Elliott, 

R H E 

, Jr , South 

Med and Sure , 

104 65 

1 658 , 

3942 ) 


Bums — Our experience with serum in burns is limited to 15 cases, 
but this small number is outweighed by the excellent clinical response and 
b) the fact that serum was used in the treatment of a patient with the highest 
hematocrit to survive (73 pei cent) The amounts of serum given varied from 
500 cc to 5850 cc (the lattei being equivalent to that obtained from 24 
donations of blood) In many instances, serum w^as supplemented with 
plasma and latei with blood There were thiee deaths One, a six-year-old 
colored child leceived only 500 cc of serum, and died 24 hours following 
the accident The second death resulted fiom a lung abscess eight weeks 
after admission The third death occurred five hours after injury When 
examined this patient was in an alcoholic stupor and had received bums 
im olvmg 60 per cent of his body surface 

The follow mg schema illustrates the 1 elevant facts concerning blood chem- 
lstiy and theiap) of D R No 644068 His hemoconcentration (hematocrit 
73 per cent) was extreme and he responded m a gratifying way to massive 
injections of serum 2 ’ 

Notes on Case 

1 Despite 4000 cc of serum and 12,000 cc of other fluids he still 
had an hematocrit of above 70 per cent at the end of 60 hours 

2 Elevated potassium and lowered sodium and carbon dioxide ca- 
pacity occurred in the early period aftei the bum 
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3 The rise of plasma proteins following massive injections of serum 
and blood was slow 

4 Initial hemoconcentration was followed by anemia requiring 13 
transfusions of whole blood 

5 In 30 days he received the equivalent m blood, serum and plasma 
of 43 donors Such therapy was out of the question a few years ago 
before the establishment of blood banks 

Septic Cases -The 14 cases were predominantly- ones of generalized 
fibnnopurulent peritonitis These patients showed a progressive trend toward 
hemoconcentration and hypoprotememia Serum proved temporarily helpful, 
but, unless the underlying pathology (bowel perforation, drainage of abscess,' 
etc ) was corrected, the prognosis was always poor 

Use of Serum Prophylactically and for Hypopirotememia — Forty-four 
patients were given serum as a prophylactic measure This is the second 
largest group, and illustrates that, in a general hospital, serum will be 
employed chiefly in correcting disturbed nutritional states associated with 
hypoprotememia, shock, and burns Example 


diagnosis stenosing duodenal ulcer age 77 
NO SIO0I7 W P 


Date 

Time 

Amount of Serum 

Hematocrit 

Plasma Proteins 

2/26/41 

11 AM 

tL 1000 cc 

after serum 

30 8% 

4 8 Gm % 

2/26/41 

10 mins 

32 4% 

6 0 Gm % 

2/28/41 

10 AM 

1000 cc 

31 6% 

5 8 Gm % 

2/28/41 

2 PM 

29 2% 

6 5 Gm % 


Note Adequate amounts of serum have to be given to raise the plasma protein level As a rule too small 
doses are injected This case received HO grams of serum proteins to increase the concentration from 4 8 grams 
per cent to 6 5 grams per cent 


IS SERUM SAFE ? 

The relative toxicity of serum is a disputed point Reports in the literature 
vary 'from those who consider serum to be extremely toxic, even fatal, to 
those who claim to have used large amounts with no evidence of reaction 
Table II will illustrate the variation m opinions 


Date 

1896 

1900 


1918 


1940 

1940 

1940 

1941 

1942 

1942 

1943 


Author and Reference 


Table II 

Remarks 


Weiss 30 

Brodie 7 


Jane way 10 j 


Clegg 10 

Aldrich 2 

Levinson 21 

Bich 6 

Elliott 12 

Sharpey-Schafer 28 

Ackroyd 1 


Serum for all species of animals is invariably toxic, often fatal 
Intravenous injection of serum into cats causes respiratory arrest and stoppage 
of the heart These effects are absent if vagi are cut The active substance in 
the serum is a proteid, of the albumen class and is only produced when blood 
clots Serum obtained from plasma is inactive 

Injected blood serum causes serious vasoconstriction The responsible sub- 
stance is not a protein but is a crystalloid Although present fn coagulated 
blood it is not dependent upon the actual formation of the blood clot with 
the possible exception of thromboplastin 

Has given many serum infusions and as much as 1600 cc at one time Only 
one reaction (chill) noted 

Reactions from four-times concentrated serum — “insignificant ” 

No reactions noted In 47 patients 

Three mild reactions in 16 cases 

One reaction in 23 cases ^ 

Has given large amounts of serum (2100 cc in 16jmmutes) to many cases 
Only reaction is "occasional mild wheals 

Has Igiven 2012 units of serum to over 800 patients No evidence of serum 
toxicity Reaction rate four per cent 
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REACTION RATE IN THIS SERIES 

In the piesent series of serum transfusions, the reactions are graded as 
follows 

Grade o (None) 

Grade i (Hives, itching, etc ) 

Grade 2 (Rise of i° F , rise of 2 0 F in febrile cases) 

Grade 3 (Chill and fever) 

Grade 4 (Collapse, cyanosis, seveie lumbar or chest pain, etc , re- 
quiring stopping of infusion or supportive treatment) 


* 

Table III 

POOLED HUMAN SERUM 

REACTIONS 

Number of Grade Grade 

Grade 

Grade 

Total 

Per 

Type of Serum 

Transfusions 

1 

2 

3 

4 


Cent 

Liquid, aged 2 months 

157 

3 

9 

18 

7 

37 


Fresh (1 day old) 

Fresh (2 days old) 

4 

1 



4 

1 


4 

1 


Total 

162 

3 

9 

23 

7 

42 

25 9 

Dried aged 

Fresh (S days old) 

71 

2 


10 

8 

1 

1 

19 

1 


Total 

73 


10 

9 

1 

20 

27 4 

Concentrated, 3 times (liquid) 
Miscellaneous (refiltered) 

6 

3 

1 


2 

2 

3 

2 

50 0 
66 7 

Total 

244 

4 

19 

34 

10 

67 

27 5 

Total excluding fresh concen- 
trated, and miscellaneous 

228 

(1 6%) 

3 

(7 8%) 

19 

(13 9%) 

26 

(4 1%) 

8 

56 

24 6 

Type of plasma 

Liquid plasma 

157 

2 

2 

1 

2 

7 

4 5 

Dried plasma 

71 

0 

2 

2 

1 

5 

7 0 


— 

— 

— 

— 

— 

— 

— 


228 

2 

4 

3 

3 

12 

5 3 


Although in most instances it was a simple matter to determine the 
presence or absence of a reaction, this was not always so Certain patients 
received transfusions of whole blood immediately befoie or after serum 
A reaction in such a case would be difficult to evaluate Such cases are not 
counted m Table III 

In febrile patients, it was often a matter of opinion as to whether or 
not the infusion of serum was followed by a real febrile response The 
statistics in Table III are, therefore, accurate only within the limitations 
and observations of the person judging the reaction 

The incidence of reaction was 2 7 5 per cent for the 244 transfusions of 
serum There was little difference between the reaction rate for the liquid 
and dried product Fiom this study there are ceitam deductions 

1 Fresh liquid serum gave consistently 100 per cent chill-fever reaction 
rate This lends ciedence to the earlier observations of Brodie, 7 and Jane- 
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way 19 What this toxic factor is in fresh serum which disappears on aging 
is not known It is howevei of no clinical significance because today, fresh 
serum can not be given due to the time limitation imposed for determining 
the sterility of both the pool and the final container 

2 Liquid serum piepared by concentrating m cellophane bags gave 
such severe reactions m three of the six patients that the lemaming seven 
bottles were not used Electrophoretic patterns done on this material revealed 
changes in both the albumin and globulin fi actions 

3 The chill-fever reaction (Grade 3) constituted the largest group, 139 
per cent If the reactions due to fiesh serum, concentrated liquid serum, 
and reworked serum are deleted, this reaction rate drops to 10 7 per cent 

4 The ten se\ere reactions (Giade 4) which required stopping of the 
serum transfusion or immediate supportive therapy included two which occurred 
while giving the concentrated liquid serum described above One wa^ 
characterized b\ a drop 111 blood pressure to 60/40, dyspnea, pain m the 
neck, back, loins, and about the heart and was relieved by adrenalin The 
second, a nephrosis case, had such severe pain in the chest, kidneys, and 
back after 30 cc that the infusion was discontinued and adrenalin injected 
Five seium transfusions w'ere stopped because of a shaking chill developing 
during its administration and tw r o others because of lumbar pain 

A phlebotomy with removal of 300 cc of blood v'as necessary im- 
mediately after an infusion of 1000 cc of serum This case, one of an 
aortic aneurysm, received serum 11 days after wiring of the aneurysm 
Just at the end of the infusion the patient became orthopneic, cyanotic, 
and developed wheezing respiration together with signs of cardiac failure 
The phlebotonn relieved the condition 

It is not wholly correct to blame seium alone for some reactions because 
ceitam individuals are known to be reactors Example One patient w r as 
given serum six days after closure of a disrupted w'ound The serum w'as 
stopped within two minutes because of severe lumbar and xiphoid pam Skm 
tests later showed hypersensitivity'' to the serum and the reaction was classed 
as anaphylactic The remainder of the above serum (400 cc ) was injected 
the next day into a bum case without any untoward effects Two othei 
patients who developed chills with serum also had chills following wdiole 
blood transfusions 

There was no fatality in this series attributed to the giving of serum 
Reactions practically never occurred m patients being treated for shock 
This is ot practical significance 

The total reaction rate, excluding the fresh, the concentrated liquid, 
and the rew orked serum, was 24 6 per cent 

In conclusion, it should be stated that giving of this serum is associated 
wntli a significant incidence of reaction, but that this incidence is not high 
enough nor are the reactions severe enough to warrant withholding the use 
of serum as a blood substitute 
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SUMMARY SHEET 


Aibnmin 
Liquid Plasma 
Dried Plasma 

Name Age 45 

_ Sex M 

G. P. 

(surname) (given) 

Acute enteritis due to Salmonella 

Diagnosis 


Others 

Liquid Serum 
Dried Serum • 

Group AB Unit No 684005 

Color W Ward KE 

Hospital Presbyterian 

420 

Serial No S-206-207 


Type of Case Surgical, Medical. Fracture, Urological, Obetetncal, Gynecological 
(underline) Ward. Semi-private, Private 

Reasons for plasma, serum, etc Total Amount 1,000 cc 

Shock due to dehydration from diarrhea. Admitted m profound shock with 
blood pressure 20/0, cold and cyanotic. Peripheral veins collapsed. Cl; sis given 
because of inability to do venepuncture. 


Final disposition of patient improved, unimproved, dead, autopsy 

(underline) ^f^nitted 8/1/42. Transferred to Medicine 8/2. Discharged 9/3/42 


Date j 8/l/42 

| 


8/3/42 

8/4/42 

1 

1 




Time J 7 :45 PM 


9 AM ' 

1 

9:15 AMJ 

11:35AM 





~ 7T After 

Before, During, After | clvgis 

Infusion, Transfusion, Clysis !. 

(state) 1500 cc - 

' 

serum 

1000 cc 

• 








Whole Blood Sp Gr 






I 

1 



Hematocrit 

57.7 % 


45.6% 

42.4% 

45 . 0 % 





Plasma Sp Gr 1 1.0358 


;1.0263 

1.0255 

1.0280 





Plasma Proteins j 9*83 


6.60 

6.33 

7.18 





Na 







■ 



K 



1 





i 


Cl 










C0 2 Capacity 










Others Hgb. 

RBC 

WBC 

17.5 

6130000 

1 7920 

t 

1 

12.5 

580000 

4440 

14.5 

504000C 

8700 

14.6 

1 42400 

6240 

30 

i 





Remarks regarding effect of 

material on blood chemistry p rom p^ blood dilution with fall m the hematocrit and 

plasma proteins 


by 


Clinical results of each Vein cut down on and needle tied m. 1,000 cc. of serum run in rapidly, 
transfusion 

1,500 units of adrenal cortic il extract injected i.v. ihis was followed 
2000 cc of saline. B.P. rose to 130/100 within four hours after admission. Response excellerfc. 


Shock did not recur. 
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ANALYSIS OF PLASMA OR SERUM GIVEN 


Lot number 


Source 


Type (specific) 

Group 

Pooled 


Date drawn _ 
Date pooled _ 
Date given — 
Age in days 


Dr T 


Amount given 

Concentration 

Isotonic 

Hypertonic 

Dilute 

Amount of Diluent 


4 50 m 


Given Time L_L_i±!L 

Alone y es 

Before, During, or After (state) 4fter 

Saline c 

Glucose 

Transfusion 

Eschatm Eelore. — 

Others ! 

Operation 

Delivery 


REACTION 


Grade 0 


(None) 

Grade 1 

(Hives, itching, etc.) 


Grade 2 

(Rise 1” F , 2° in sepsis) 


Grade 3 

(Chill and fever) 


Grade 4 

(Collapse, cyanosis, etc, requiring 
stopping of infusion or supportive 

Rx > I 

REMARKS 


Excellent response The serum was followed by 2,000 cc. of saline 
infusion. 
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serum versus plasma 

The writers wish to emphasize at this point that we hold no bnef for 
either one of these blood substitutes as opposed to the other We believe 
that each has a place m the treatment of patients and that the blood bank 
of the future will dispense both substances Personal experience with the 
use of dried ana liquid pooled plasma on similar types of patients has been 
had, and it is fair to say that plasma and serum are equally efficacious 
clinically They can be used interchangeably without noticeable difference 
The chemical similarity and like ougin of each makes it at once illogical 
to assume striking differences between them It is true, however, that 
each possesses certain advantages which the othei does not 

A comparison of 157 transfusions of liquid serum with 157 of liquid 
plasma and 71 transfusions of dried serum with an equal number of dried 
plasma reveals a significant difference in reaction rate — 246 per cent for 
serum and 5 3 per cent for plasma (Table III) 

ADVANTAGES 

Plasma 

1 Lower incidence of reactions 

2 Greater yield (2-4 per cent ?) 

3 Contains fibrinogen and prothrombin 

4 More easily prepared as a by-product of a blood bank Blood can be used as blood or later processed 
into plasma 

Serum 

1 Greater protein content, pools contain 7 grams per cent compared to 5 grams per cent for plasma 

2 Obviates expense and trouble of citrate 

3 Can be filtered, hence bacterial sterility can be assured 

4 Liquid serum remains clear, plasma (unless recalcified) precipitates out fibrin 

5 Drying is easier without presence of citrate 


SUMMARY AND CONCLUSIONS 

Pooled human serum is an effective blood substitute Its therapeutic value 
has been demonstrated in the treatment of patients with various types of 
shock, burns, and hypoprotememia, and as supportive measure in the sick 
and debilitated 

Approximately .297 units of serum were given intravenously to 136 
patients 

Serum administration is associated with a definite incidence of reaction, 
greater than with plasma In this series the reaction rate was 27 5 per 
cent Fresh serum, prepared and injected within 24 hours of the drawing 
of the blood, gave a severe chill and fever response 111 each case 

Serum and plasma are equally efficacious and the reactions each causes 
are rarely severe, the choice between them becomes largely a question 
of convenience and practicability of preparation and administration 

Serum is now being prepared at the Presbyterian Hospital Blood Bank 
to meet the need of supportive therapy in patients with low plasma proteins 
and low calcium Massive replacement with serum rather than with citrated 
plasma theoretically is safer m such states, particularly m infants 
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PLASMA VOLUME, “AVAILABLE (THIOCYANATE) VOLUME” AND 
TOTAL CIRCULATING PLASMA PROTEINS IN NORMAL ADULTS* 

Grace E Griffin, M S , William E Abbott, M D , 
Maynard P Pride, M D , Edward Muntwyler, Ph D , 
Frederick R Mautz, M D , and Lois Griffith 
Cleveland, Ohio 

FROM THE DEPARTMENTS Or BIOCHEMISTRY AND SURGERY SCHOOL OF MEDICINE 
WrSTERN RESERVF UNIVERSITY CLEVELAND OHIO 

Much atieniion has been devoted to the elucidation and establishment of 
the importance of_(i) extracellular dehydration, (2) reduced plasma and 
blood volume, and (3) hypoprotememia and protein depletion in such con- 
ditions as hemorrhage, traumatic shock, bums, intestinal obstruction and 
fistula, acute and chiomc starvation, etc There have been numerous attempts 
to use laboratory methods for the quantitative measurement of the body 
deficits in order to aid in their more accurate correction in the patient 
Empirical rules have been formulated for blood transfusion based upon the 
hematocrit or the erythrocyte count, NaCl and water administration based 
upon the plasma chloride concentration, plasma replacement based upon 
the hematocrit, plasma protein concentration, etc Inasmuch as all these 
rules may work fairly well in special instances and to the detriment of the 
patient in other instances, we can expect moie attempts to formulate better 
criteria As a mattei of fact, this study is the outgrowth of an attempt to 
formulate a grid to make possible more accurate quantitative replacement of 
body fluids and simple enough for general clinical use, with an accuracy not 
being limited to any special type of clinical condition Furthermore, it was 
hoped especially that the degree of protein depletion of a patient could be 
measured by the simultaneous determination of plasma volume and plasma 
albumin concentration and by comparison with normal standards to estimate 
quantitatively the extent of protein depletion 

In studies dealing with nutritional hypoprotememia in the dog, Weech 
and his coworkers, 1 ’ 2 and Sachar, Horvitz and Elman 3 noted that the loss 
of total circulating plasma albumin was a small but relatively constant part 
of the total nitrogen lost, and our own observations have led to somewhat 
the same conclusion 4 It occurred to us that in patients with hypoprotememia, 
associated primarily with malnutrition, a knowledge of the deficit of total 
circulating plasma albumin might be of aid m evaluating approximately the 
extent of body protein depletion In other words, m patients following 
periods of protein starvation the simultaneous determination of the plasma 
volume and the plasma albumin concentration should give values from which, 
by comparison with normal standards, the extent of dehydration and protein 
depletion could be evaluated more accurately 

It is evident that the success of the foregoing approach to the problem 
depends not only upon a reasonably constant relationship between the decline 

* Aided by a grant from the John and Mary Markle Foundation 
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of the total circulating plasma albutrun and the loss of tissue protein during 
a period of inadequate piotem intake but also upon reasonably constant 
le\e?s of the plasma volume and total cnculatmg plasma albumin m normal 
pei sons with the same physical measurements The pi unary object of the 
present study was, therefore, to determine the constancy of the plasma volume 
and of the total circulating plasma albumin m normal adults of the same 

RELATIONSHIP BETWEEN 
PLASMA VOLUME AND SURFACE AREA 



sq m SURFACE AREA 

Chart i 

physical measurements To this end, plasma volume and plasma piotem 
determinations were earned out on a series of 63 noimal male and 14 normal 
female subjects Simultaneous detei initiations of the “available (thiocyanate) 
volume,'’ hematocrit and plasma chlonde were also pei formed 

METHODS 

The determinations of the plasma volume and of the “available (thio- 
cyanate) volume' weie made b} the dnect method of Giegersen and Stewart’ 1 
as adapted to the photo-electric colonmeter b\ Gibson and Evelyn 0 The 
subjects, for the most part medical and dental students, were studied routinely 
m the morning appi oxnnatelj three houis after a light breakfast and im- 
mediately aftei a one-houi lecture The bieakfast was essentially fat-free, 
consisting of a glass of fiuit juice, two pieces of dry toast with jelly and 
one cup of black coffee or its equualent as water The subjects were re- 
cumbent during the entire experimental period The antecubital \em of 
one arm served for the withdrawal of the control blood sample and the 
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injection of the test substances The antecubital vein of the other arm was 
used for the withdrawal of three experimental blood specimens, at 15-mmute 
intervals after the time of injection The blood was withdrawn with minimal 
stasis, employing lubricated syringes The drawn blood was immediately 
discharged into 15 cc centrifuge tubes containing heparm as the anti- 
coagulant The tubes were stoppered tightly and centrifuged at 2500 
rpm for 20 minutes The plasma specimens were then transferred to 
other stoppered tubes and centrifuged again for 20 minutes at the same rate 

Table I 

COMPOSITION OF THE BLOOD OF NORMAL MEN AND WOMEN 

Number of Standard 

Observations Mean Deviation Minimum Maximum 

Men 


Total plasma protein Gm per 100 cc 

63 

6 62 

0 35 

5 8 

7 3 

Plasma albumin Gm per 100 cc 

62 

4 72 

0 33 

4 2 

5 3 

Hematocrit per cent 

63 

48 2 

2 5 

42 

53 

Plasma chloride m Eq /L 

59 

101 5 

2 1 

96 

107 

Women 






Total plasma protein Gm per 100 cc 

14 

6 53 

0 31 

6 0 

7 1 2 

Plasma albumin Gm per 100 cc 

12 

4 62 

0 33 

4 0 

5 2 

Hematocrit per cent 

14 

42 3 

2 3 

38 

47 

Plasma chloride m Eq /L 

14 

101 4 

2 3 

99 

106 


The concentration of the dye in the plasma at “zero” time was obtained by 
linear extrapolation of the density values for the three 15-mmute experimental 
plasma samples against time The mean of the density values obtained with 
the second and third experimental plasma samples (30 and 45 minutes after 
injection) was employed to calculate the plasma concentration of thiocyanate 

A portion of the control blood specimen was used to determine the 
hematocrit value, in duplicate and undiluted, with the aid of Van Allen 
hematocrit tubes Pooled plasma fiom the four blood specimens was used 
for the protein and chloride determinations Total plasma protein and 
plasma albumin were determined by nncio-Kjeldahl, employing the technic 
of Robinson, Price and Hogden" for globulin filti ation after precipitation with 
22 2 per cent sodium sulfate solution Chlorides were determined by the 
method of Wilson and Ball 8 

RESULTS 

The results of the blood determinations carried out on the present series 
of normal adults, 63 males and 14 females, have been summarized in Table I 
It will be noted that the values fell within the same ranges of variation for 
normal adults as have been reported by a number of laboratories The 
findings for males and females exhibited no significant differences except 
m the case of the hematocrit readings which were definitely lower in the 
females 

Scatter diagrams, as illustrated in Charts 1, 2, 3 and 4, were prepared 
from the data collected on the male subjects to show the relationship between 
plasma volume, “available (thiocyanate) volume,” total circulating plasma 
protein and total circulating plasma albumin on the one hand and the body 
surface on the other It will be observed immediately that in each instance 
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there was a considerable scattering of the points The solid line in the center 
of each diagram represents the calculated line of regression, indicating the 
trend of the several values to increase with an increase m the body surface * 
In order to show the range of variation to include the respective values of 
95 per cent of all normal adult male subjects, the broken lines in each figure 
were constructed on the basis of the line of 1 egression taking plus 01 minus 
two standard errofs of estimate from the line of regression Since the 


RELATIONSHIP BETWEEN 

AVAILABLE (THIOCYANATE) VOLUME AND SURFACE AREA 



sqm SURFACE AREA 

Chart z 

number of subjects is small and the range of body surface is comparatively 
narrow, this method of analysis of the data is not entirely free from criticism 
statistically On the othei hand, it should sene to indicate the ranges of 
variation which one can expect with the methods employed foi the various 
determinations in given adults of the same ph) sical measurements Thus, in 
the case of the relationship between the plasma volume and body surface, the 
line of regression plus or minus two standard errors of estimate, or the line of 
regression ± 655 cc , includes 95 per cent of the values for all normal adult 
males Stated in another way it will be seen from Chart 1 that for a man 

* The method of least squares as outlined b\ Snedecor 0 was used in calculating the 
line of regression 
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with a body surface of l 90 square meters, the normal plasma volume range 
with 95 per cent certainty, would be approximately from 2000 to 3300 cc 

Table II 


RELATIONSHIPS BETWEEN BODY FLUIDS AND VARIOUS PH\SICAI MEASUREMENTS IN NORMAL MEN 



Area 

Weight 

Height 


Sq M 

Kg 

Cm 

Plasma Volume 

Number of observations* 

59 

49 

59 

Mean physical measurement 

1 90 

73 16 

176 8 

Mean plasma volume cc 

2686 

2686 

2686 

Plasma volume cc /unit of body *-ize 

1414 

36 72 

15 19 

Regression coefficientf cc 

1244 

22 27 

23 12 

Standard error of estimate! cc 

427 6 

436 0 

340 8 

Standard error of estimate n 100 — mean plasma volume 

12 20 

12 41 

12 69 

Available (Thiocyanate) Volume 

Number of observations* 

38 

38 

58 

Mean physical measurement 

1 88 

71 97 

17s 8 

Mean available (thiocyanate) volume in liters 

16 24 

16 24 

16 24 

Available (thiocyanate) volume liters unit of bodj size 

8 64 

0 226 

0 093 

Regression coefficient t liters 

11 30 

0 18a 

0 185 

Standard error of estimate! liters 

1 41 

1 39 

1 63 

Standard error of estimate \ 100 — mean available 

(thiocyanate) volume 

8 68 

9 79 

10 1 


* Three of the plasma volume values (two of a\ ailable (thioc\ anate) volume ) are a\ erages of two deter- 
minations of the subjects 

t The increase in plasma volume (or a\ ailable (thiocyanate) \ olume ) per unit of phj sical measurement 
! Standard deviation from the line of regression 

Table III 


RELATIONSHIP BETWEEN CIRCULATING PLASMA I ROTEINS AND VARIOUS PH\ SICAL MEASUREMENTS IN NORMAL MAN 



Area 

Weight 

Height 


Sj M 

Kg 

Cm 

Total Circulating Plasma Protein 

Number of observ ations* 

39 

59 

39 

Mean physical measurement » 

1 90 

73 16 

176 8 

Mean circulating protein Gm 

177 8 

177 8 

177 8 

Circulating proteins Gm /unit of bodv size 

93 58 

2 43 

1 00 

Regression coefficientt Gm 

71 20 

1 078 

1 246 

Standard error of estimate! Gm 

23 68 

24 46 

24 14 

Standard error of estimate x 100 — mean circulating prote n 

13 32 

13 76 

13 58 

Total Circul iting Plasma Albumin 

Number of observations* 

3 ? 

57 

57 

Mean physical measurement 

1 90 

73 11 

176 6 

Mean circulating albumin Gm 

123 8 

125 8 

125 8 

Circulating albumin Gm /unit ot body size 

66 21 

1 72 

0 71 

Regression coefficient! Gm 

60 22 

0 997 

0 945 

Standard error of estimate! Gm 

17 32 

18 11 

19 11 

Standard error of estimate x 100 — mean circulating albumin 

13 77 

14 40 

15 19 


v Three of the observations are averages of two determination*- on the subjects 

t The increase in total circulating plasma proteins (or albumin) per unit of physical measurement 
! Standard de\ lation from the line of regression 


When a similar consideration w as given to thfe relationship between the 
“available (thiocyanate) volume,” total circulating plasma protein and total 
circulating plasma albumin on the one hand and body surface on the other, 
the ranges of deviation from regression with 95 per cent certainty were found 
to be — 2 8 liters ± 47 4 Gm and — 34 6 Gm , respectively 1 hus, the 
approximate normal ranges would be “Available (thiocyanate) volume 130 
to 19 o liters, total circulating plasma proteins 130 to 225 Gm , total circulating 
albumin 90 to 160 Gm 
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The statistical analysis of the data for the male subjects on the relation- 
ships between the body fluids and circulating plasma proteins and the various 
physical measurements lias been summarized in Tables II and III By 
focusing attention on the per cent that the standard eiror of estimate + 
1 epi esents of the several mean values, it will be seen that the best correlation 
with physical measurements was encountered with the “available (thiocyanate) 

RELATIONSHIP BETWEEN 


TOTAL CIRCULATING PROTEINS AND SURFACE AREA 



Chart 3 


volume,” followed in order by the plasma volume, total circulating plasma 
protein and total circulating plasma albumin Further, a similar comparison 
of the magnitude of the standard error of estimate with respect to the mean 
values for the various physical measurements reveals little if any significant 
difference in the case of plasma volume and in the case of the total circulating 
plasma protein On the 'other hand, m the case of the “available (thiocyanate) 
volume” and the total circulating plasma albumin, the closest correlation was 
encountered with body surface, followed in order by weight and height 
Since only 14 female subjects were studied, a similar analysis of the data 
was not attempted Suffice it to state that all the values for the plasma 
volume, “available (thiocyanate) volume” and total circulating plasma 

-t- The standard error of estimate is the standard deviation from the line of regression 
and includes 67 per cent of all normal rallies 
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proteins obtained with the female subjects fell within the ranges of variation 
encountered foi the males 

1 he blood volume was calculated employing the plasma volume and 
the hematocrit A scatter diagram showing the relationship of the blood 
volume to suiface area showed that the deviation was approximately as 
great as that noted in the relationship of plasma volume to surface area 

RELATIONSHIP BETWEEN 


TOTAL CIRCULATING ALBUMIN AND SURFACE AREA 



14 16 18 20 22 24 

sqm SURFACE AREA 

Chart 4 


COMMENT 

From the present study it would appear that m normal adult males a 
slightly better correlation may be found with body surface than with 
either height or weight when consideiation is given to the relationship 
between plasma volume, “available (thiocyanate) vctlume,” total circulating 
plasma protein or total circulating plasma albumin on the one hand and 
physical measurements on the other It v r ould also appear, however, 
that a considerable range of vanation in the values maj' be encountered in 
normal adults of the same physical measurements Thus, from the data 
presented m Table II, the expected lange of plasma volume variation with 
67 per cent certainty for a man of 1 90 square meters body surface and 
a mean plasma volume of 2686 cc was found to be — 3 2 7 6 cc > ‘wfote th e 
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expected range of “available (thiocyanate) volume 5 variation with 67 per 
cent certainty foi a man of 1 88 square meters and a mean “available 
(thiocyanate) volume” of 16 24 liters was found to be ± 1 41 liters 
Similarly, from Table III, the expected range of total cnculatmg plasma 
protein variation with 67 per cent certainty for a man of 1 90 square 
meteis body surface and a mean total amount of cnculatmg plasma protein 
of 1778 Gm was found to be — 2368 Gm , while the expected range of 
total circulating plasma albumin variation with 67 per cent certainty for 
the same person having a mean total amount of circulating plasma albumin 
of 125 8 Gm was found to be ± 17 32 Gm In this connection, it might be 
pointed out that m their series of normal subjects Gibson and Evans 10 
noted that the diffeiences m plasma volume of individuals of comparable 
age, sex, height and weight may be considerable 

Although the number of subjects studied m the present report was 
admittedly small and the physical measuiements fell within a comparatively 
narrow range, the variations encountered in the plasma volume and the 
total amount of circulating plasma albumin m subjects of the same physical 
measurements preclude their usefulness as intended, that is, the possible 
deviations were found to be so great that m a patient with malnutrition 
a clinical evaluation of the extent of dehydration and of protein depletion 
with any degree of certainty would be questionable, if based upon a 
comparison of the determined levels of the plasma volume and the total 
amount of plasma albumin with the respective so-called normal standards 
The data obtained lead to the conclusion that the chief clinical value of the 
plasma volume and the total circulating plasma albumin determinations 
lies in observing the changes of these factors m a given subject during 
a test period 


SUMMARY AND CONCLUSIONS 

Determinations of the plasma volume, “available (thiocyanate) volume ” 
total circulating plasma protein and total circulating plasma albumin were 
carried out m 63 normal adult males and 14 adult females The various 
values were related to body surface, weight and height The study was 
carried out with the object of establishing normal levels for the plasma 
volume and the total amount of plasma albumin, on the assumption that a 
knowledge of the deficits of plasma volume and total circulating plasma 
albumin might aid in evaluating, clinically, the extent of dehydration and 
the degree of protein depletion in patients with hypoprotememia asso- 
ciated primarily with an inadequate protein intake The results and con- 
clusions may be briefly presented as follows 

1 For normal adult males, the relationships between plasma volume, 
“available (thiocyanate) volume,” total circulating plasma protein or total 
circulating plasma albumin on the one hand and physical measurements on 
the other revealed a slightly better correlation with body surface than with 
either weight or height 
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2 Rather wide langes of vanation of the foiegoing factors weie en- 
counteied in noimal male subjects of the same physical measuiements Fiom 
statistical analysis of the data, the expected langes of plasma volume and the 
total circulating plasma albumin vanation, with 67 pei cent certainty, foi 
a man of 1 go squaie meteis body surface having a mean plasma volume 
of 2686 cc and a mean total amount of cn dilating plasma albumin of 1258 
Gm were found to be *327 6 cc and — 17 32 Gm , respectively 

3 These langes of vanation are of such a magnitude that a clinical 
evaluation, with any degiee of cei tamty, of the extent of dehydration and 
of piotem depletion m patients following penods of piotein starvation would 
be questionable, if based upon a comparison of single observation of levels 
of the plasma volume and the total amount of circulating plasma albumin with 
the respective noimql levels 

4 The determinations of plasma volume and total cn dilating plasma 
albumin would appeal to find their pnncipal usefulness in obseivmg changes 
m these factois dui mg a given test penod by senal deteimination 

5 All the values for the plasma volume, “available ( thiocyanate) volume” 
and total cn dilating plasma piotems determined on the 14 female subjects 
fell within the ranges of tanation encounteied foi the males 
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MALIGNANT GRANULAR CELL MYOBLASTOMA INVOLVING 

THE URINARY BLADDER 

A Ravich, M D , A P Stout, M D , and R A Ravich, M D 

FROM THE UROLOGICAL DEPARTMENT OF THE ADFLPHI HOSPITAL BROOkLAN N Y 
AND THE LABOR ATORA Or SURCIC AI PATHOLOGA COIUMBIA UMATRSITA, N A 

This is a report of a granular cell myoblastoma involving the urinary 
bladder which exhibited the histologic charactenstics of a benign neoplasm 
in its primary manifestation and yet metastasized widely, causing death 

It seems necessaiy to identify the tumor which we choose to call granular 
cell myoblastoma and explain the leason for using this name, which is not 
the one most commonly employed The tumor type was first described by 
Abrikossoff, in 1926, and called by him myoblastic myoma (myoblasten- 
myom) In 1931, he published a second paper in which he described the 
histologic features of four different varieties of the tumor (1) The typical 
form made up of round, egg-shaped, 01 elongated myoblasts from 20 to 25 
microns long with gianules but without longitudinal or cioss stnations, 
(2) a variation of the first type m which some cells show longitudinal 01 
cross striations, (3) an hypertrophic form wnth cells from 40 to 160 microns 
and sometimes multmucleate These first three groups are all composed of 
granular cells and all are benign tumors (4) Malignant myoblastic myoma 
m which the myoblasts are not granular, but assume atypical aspects and 
vary in size so that the tumor resembles a polymorphous sarcoma He had 
no personal experience with this fourth group but cited the case of von 
Meyenburg as an example of it 

The observations of Abrikossoff have been repeatedly confirmed but most 
unfortunately subsequent authors have elected to use the teim myoblastoma 
indiscriminately for all four of Abrikossoff’s groups without emphasizing the 
important histologic and clinical distinctions between the first three benign 
groups and the fourth malignant group 

This omission becomes serious when Howe and Warren warn us that 
myoblastoma is more often malignant than is generally supposed, since five 
of their ten cases behaved like malignant tumors, without making it perfect!) 
clear that all of the malignant tumors belonged to Abrikossoff’s fourth group 
of myoblastomas 

Indeed, until the case here reported w r as observed by us w r e w r ere firmh 
convinced that no example of a malignant primary gianular cell myoblastoma 
belonging to any of Abrikossoff’s first three groups had ever been recorded 
None of How 7 e and Warren’s malignant cases do so, nor do any of the ten 
malignant cases which they have culled from the literature One of us 
(APS) has studied these ten cases and is convinced that none of them, 
m its primary manifestation, belonged to Abrikossoff’s first three groups In 
Morpurgo’s second case, the metastases resembled the metastases of the case 
we are about to report but the primary tumor was quite different 
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We feel, therefore, that tumors belonging to Abrikossoff’s first three groups, 
since they are almost all benign, should be labelled clearly with a distinctive 
name so that they will not be confused with the other forms of striated muscle 
tumors most of which are malignant For this reason we choose to use the 
name “granular cell myoblastoma” This is not new, since it has already 
been employed by Lattes and Horn and Stout, and it appeals to us as 
eminently leasonable and necessary It is beyond the scope of this paper to 
discuss the propriety of using the term myoblastoma for Abnkossoff’s fourth 
group, but we may be permitted to regret that he ever chose to include it 
with his fiist three groups since it has provided such a potent source of 
confusion 

Case Report — D Y, white, male, age <31, single, a pressman, was first seen by 
one of us (A R) on March 29, 1943 According to the mother he had been a deaf 
mute since the age of one when he had cerebrospinal meningitis In 1937, he had had 
osteomyelitis of the left ankle following injury, for which he was operated upon twice 
He had had diurnal frequency eveiy two to three hours and nocturia at least once for 
many years There had been painless hematuria, with urinary frequency every hour, 
for 11 days before admission 

Physical Evanunalion — The subject was a young deaf mute, quite emaciated and 
anemic The heart was normal in size, with a pounding apex beat and loud sharp 
systolic and rough diastolic murmurs heard over the aortic and pulmonic valves The 
lungs were clear The abdomen was scaphoid in type Liver, spleen and kidneys were 
not felt A large, very firm, smooth, nontender mass was felt in the lower abdomen 
as far up as the level of the anterior iliac spine, extending on the right to the iliac 
and pubic bones and into the true pelvis B P 120/54 The urine was port wine in 
color and essentially negative except for the blood Rectal examination revealed a 
very large, firm, immobile, smooth mass filling almost the entire true pelvis and 
more prominent on the right than on the left The upper limit of the tumor mass 
could not be reached by palpation through the rectum Preliminary roentgenograms of 
the kidneys and bladder showed obliteration of the kidney outlines by gas There 
was a rather wide separation of the symphysis pubis Attempt at cystoscopy failed 
A No 21 F sound could be passed but was deflected far to the left Rectal palpation, 
with the sound in the urethra, showed a noimal prostate and left seminal vesicle The 
large mass palpated to the right of the prostate was highly suggestive of an unusual 
tvpe of tumor that appeared to arise from either the right lateral lobe of the prostate 
or the right seminal vesicle A No 16 F Coude rubber catheter was passed into the 
bladder and only a small amount of slightly blood-tinged urine was withdrawn The 
patient was immediately sent to the Adelphi Hospital, with a tentative diagnosis of an 
unusual giant-sized sarcoma involving the bladder, prostate and right seminal vesicle 

At the hospital an intravenous pyelogram, reported by Dr Asa B Friedman, 
revealed a functionless right kidney The left renal function was normal and the 
pelvis showed slight hydronephrosis The lower third of the left ureter was lifted 
upward by a deformity of the bladder (Fig 1) The crescentic-shaped bladder was 
markedly deformed by a large, smooth, regular, oval mass that filled the major part of 
the bladder area and seemed extrinsic to the bladder The bladder itself showed a small 
capacity and was pushed far upwards and to the left, overly mg the left anterior superior 
spine of the ilium A roentgenogram of the chest was negative 

The blood showed 62 per cent Hb , R B C 3,210,000, W B C 9>40°> P er 

cent polys , 19 per cent lymph , 5 P er cent mononuclear Blood sugar 95 4 m S P er 
100 cc , urea nitrogen 158, creatinm 1 3 

Owing to the unusual type and size of the tumor mass a celiotomy was considered 
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preferable to a perineal approach, even though it was thought at the time that we were 
dealing with a sarcomatous tumor arising from the right seminal vesicle 

Opeiatton — April i, 1943 (A R and R A R) Under spinal anesthesia, a midline 
incision extending from the umbilicus down to the symphysis pubis was made The 
tumor mass was exposed and found to be smooth, well encapsulated, of hard rubben 
consistency, heart-shaped, and about the size of a large grapefruit It was tightly wedged 
into and filled the entire right iliac fossa, the right false and true bonv pelvis and 
pressed against the sacrum At its contact with the urinary bladder, which was thinly 
stretched across the upper left border of the tumor, the neoplasm lost its distinct 
demarcation which charactei lzed the rest of the mass and apparently merged lmper- 
ceptiblv with the musculature of the bladder which was torn into during the enucleation 
of the tumor from this area The entire mass was carefully enucleated from its sur- 
rounding tissue bed by blunt dissection A number of large vessels leading directly into 
the mass were ligated and cut A tiny area which was intimately adherent to the upper 
part of the right external iliac vein was dissected away with the radio knife in an 
attempt to prevent extension of the growth and at the same time avoid tearing into the 
vessel The apex of the mass was in the region of the right seminal vesicle The 
longitudinal tear into the right wall of the bladder offered an opportunity for careful 
study of the interior of that viscus, which, aside from the deformity m outline, was 
otherwise normal in appearance The bladder neck was normal, though pushed far up 
and to the left No enlargement of the prostate was discernible and only the left 
ureter orifice was seen Careful search for the right ureter orifice failed to locate it, 
nor could the right ureter be recognized in the right pelvis either during or after the 
removal of the tumor mass 

1 he longitudinal rent in the bladder was repaired and sutured around a Pezzar 
catheter and five cigarette drains were placed into various areas of the tumor bed and 
around the bladder The wound was closed m layers, and the patient returned to lus 
bed in good condition 

The postoperatne course was slow but uneventful The Pezzar catheter fell out on 
the 13th dav and he started voiding per urethram on the 23rd day On several occasions 
the suprapubic sinus reopened but it closed eventually, and he was discharged from 
the hospital with the wound and fistulous tract almost entirely healed on May 24th 
Because of a suspicion that the right ureter had been accidentally tied off and cut 
during the operation, an intravenous pyelogram was taken April 21st, three weeks 
after operation It showed good function in the left kidney which was apparently 
normal but again no dye was visible in the right kidney No visualization of the bladder 
outline could be obtained because of the leakage through the suprapubic fistula No 
changes were noted in a similar study made on May 17, 1943 (Fig 1) Roentgenograms 
of the gastro-intestinal tract, taken Mav 20th, showed no intrinsic organic disease 
Mi electrocardiogram showfed a tendency to right axis deviation Blood chemistry 
findings remained at the same levels throughout his hospital stay His blood on April 19th 
shoved 69 per cent Hb and R B C 3,300,000 

Pathologic Euiinmatioi I — The specimen was a large mass of firm rubbery con- 
sistency, measuring 12 x 11 x 9 cm, arid weighing 579 Gm It was of a grayish-yellow 
color and apparently well encapsulated The surface showed fibrous bands which con- 
stricted portions of the mass and gave it a somewhat nodular appearance On section, 
the tumor was smooth, fibrous and generally homogeneous in appearance, with two 
apparentlv fresh hemorrhages (Fig 2) 

A diagnosis of granular cell myoblastoma was made after microscopic examination 
Details of the lnstopathologv are recorded at the end of the autopsy report 

Subsequent Com sc — Slight leakage through a pinpoint suprapubic fistula persisted 
until August 13, 1943 (103 days following operation) after which the cicatrix was 
firmlv healed Cvstoscopv 89 davs after operation showed a bladder capacity of 90 cc , 
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moderate general cystitis, considerable degree of trabeculation and congestion of the left 
ureteric orifice , the right ureteric orifice was not visualized Cloudy urine and frequency 
continued at 104 days, but he felt well enough to return to his arduous work as pressman 
On November 24, 237 days after operation, there was slight rectal bleeding, 
apparently from small internal hemorrhoids Rectal palpation at this time revealed slight 
thickening and fullness on the right side of the pelvis for the first time since operation 
Roentgenograms and an intravenous pyelogram showed no dye and no kidney outline 



Fic 4 — Photograph of the entire urinary tract, aorta, retro 
peutoneal lymph nodes and recurrent tumor which formed one 
mass with the bladder and prostate The right kidney is dis 
tended The markedly dilated right ureter plunges into the pelvic 
tumor mass below 

on the right side, but a normal left kidney Left kidney function was good, with slight 
hydronephrosis, but a fairly normal left ureter The bladder was seen on the left side 
of the pelvis No masses were palpable suprapubically Forty-seven days later, on 
January 10, 1944, an indefinite mass could be felt through the rectum extending above 
and confluent with the right side of the prostate He had no subjective symptoms at this 
time, but on February 4th he complained of slight pain m the lower abdomen The 
mass felt through the rectum on the right side was larger and abdominal palpation 
revealed a small indefinite mass in the left iliac fossa Palliative roentgenotherapy was 
given by Dr Asa B Friedman from February 12 to April 17, 1944 10 x J 5 cm 
left suprapubic and left sacral ports were used The factors were 200 K V , 50 cm 
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Fig 5 — Photograph of the liver riddled with metastases 



Fig 6 — Photograph of the spleen with countless metastatic foci 

skin distance, filter 05 Aim Cu plus 1 Aim A 1 2500 r were given through each 
port delivering a tumor dose of 3000 r .This produced symptomatic improvement, with 
disappearance of the pain On Afarch 30th the rectal mass felt larger and the 
abdominal mass slightly smaller 

By Afay 5th, however, the pam returned m the left Hank and grew increasingly 
severe He was readmitted to the Adelphi Hospital, June 17, 1944, with the idea of 
removing the recurrent pelvic tumor, which at this time seemed more prominent m the 
left iliac region than on the right side Two days later, a roentgenogram of the spine 
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showed some destruction of the 2nd lumbar vertebra, which was interpreted by Dr 
Friedman as a metastatic lesion Because of this finding, any further operative pro- 
cedure in the pelvis was deemed futile The vertebral destruction became progressively 
greater until the end (Fig 3) 

Although Ins general condition was quite good at this time, he soon began a 
gradual decline Pain was 'kept fairly well under control by roentgenotherapy of the 
vertebra, cobra venom and later various narcotics His inguinal nodes became enlarged 
and, on July 25th, two of them were removed and showed metastases Toward the end, 
emaciation and cachexia became extreme and he finally died August 31, 1944, 1 7 months 
after the first operation 



Fig 7 — Photogriph of the dome of the skull with mehstises m the frontal area 


Autopsv — Di D M Grayzel The following pertinent findings are taken from 
his report 

There was a large recurrent tumor mass in the pelvis which extended upward 
to the second lumbar vertebral body posteriorly and to within 5 cm of the umbilicus 
anteriorly It encased the urinai y bladder which had only a small cavity and the bladder 
wall seemed to be composed of tumor tissue Both ureters plunged into the tumor mass 
and were lost within its substance The sigmoid was displaced by the tumor but 
apparently was not involved by it The right kidney was purple-brown, cystic, and its 
pelvis was distended The right ureter was dilated up to a diameter of 3 cm and 
kinked in several places The left kidney was reddish-brown and did not show 
gross evidences of disease The retroperitoneal chain of lymph nodes were enlarged 
by tumor all the way up to the diaphragm (Fig 4) Above it the esophageal and 
tracheobronchial nodes and the nodes on the superior surface of the pericardium also 
seemed involved The enlarged iliac nodes were continuous with much enlarged 
inguinal nodes on both sides The liver weighed 1250 Gm , and extended 4 cm below 
the xiphoid process It was studded throughout with nodules averaging 3 Mm in diameter, 
some of which were confluent (Fig 5) The spleen weighed 720 grams and was 
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Fig S — Photomicrograph of the primarj tumor showing the arrangement of 
the cells and their relatne shape and size 
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Fig 9 — Photomicrograph show ing details of the cells of the primary tumor 
and the characteristic granular citoplasm (x 6oo) 
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speckled throughout with fine yellow nodules, confluent in some areas (Fig 6) The 
left lung weighed 190 Gm and the right 250 Gm At the base of the right lung was 
a g-Mm tumor nodule just beneath the pleura The body of the second lumbar vertebra 
was soft and yellow-gray, and the tumor was adherent to it Metastatic tumor in the 
frontal bones formed bony nodules, up to 3 cm in diameter, which could be seen 
and felt beneath the scalp (Fig 7) The rest of the viscera including the brain 
showed no evidence of metastases 

Anatomic Diagnoses Tumor of urinary bladder (granular myoblastoma?) involving 
prostate gland, liver, spleen, lymph nodes, right lung, pericardium, skull, vertebra, 
peritoneum and pelvic tissues , right hydronephrosis and hydroureter, bilateral hydro- 
thorax, hydropericardium, emaciation, decubitus ulcers and deformity of left foot 
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Fig 10 — Photomicrograph of the tumor at autopsy At the right a detail from the recurrent mass 
showing large granular cells like those in the primary tumor mingled with much smaller cells At 
the left, small cells characteristic of the final malignant phase of the tumor They show lack of 
cohesion and a tendency in some to form chondriosomes (x 600) 


Microscopic Examination This, in general, confirmed the provisional diagnoses 
The bladder wall was completely replaced by tumor up to the mucosa Metastases were 
present in the second lumbar vertebra and frontal bone, the liver, spleen and all lymph 
nodes sectioned Not only was the nodule in the right lung composed of tumor cells 
but all sections made from the lungs contained tiny foci 

The primary tumor is made up of cords of large, irregularly rounded and plump 
elongated cells with relatively small nuclei and voluminous cell bodies filled with fine 
acidophilic granules No longitudinal or cross striations are observed No mitoses are 
found but some of the larger cells have more than one nucleus and there is some variation 
in the relative size of the nuclei The cords of cells are separated by slender strands 
of connective tissue (Figs 8 and 9) 

Recta rent Tumor and Metastases In a few places, notably m the local recurrent 
tumor mass and the lung metastases, cells resembling those in the primary tumor are 
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encountered (Fig io) but for the most part the tumor cells have a different appearance 
The majority are very much smaller, more definitely rounded, and they appear as distinct 
units instead of being in cohesive cords The nuclei are relatively much larger, more 
hyperchromatic and the cytoplasm proportionately greatly reduced in amount No 
mitoses are found In most of the cells the granular habit of the cytoplasm is maintained 
but occasionally there seems to be some chondriosome formation (Fig io) In none 
of the many sections prepared were any definite cross striations or longitudinal fibers 
seen It must be remarked, however, that the tissue was fixed in formalin _and no 
reliable preparations with Haidenham’s hematoxylin or phosphotungstic acid could be made 

Comment — There was some question m our minds as to the exact site 
of origin of this tumor because at the first operation the major portion of the 
growth was outside of the bladder However, its only intimate attachment 
was to the bladder wall and it would seem more probable that its origin was 
from this structure than from the retroperitoneal tissues outside of it 

The histologic features of the primary tumor compel us to classify it as 
an example of Abrikossoff’s third group of myoblastic myomas or granular 
cell myoblastomas, as we prefer to call them We have been unable to find 
any reports of this tumor form arising either m the bladder or in the retro- 
peritoneal tissues These granular cell myoblastomas are almost certainly 
of rhabdomyoblastic origin, as was originally pointed out by Abrikossoff on 
histologic grounds and confirmed by the, as yet unpublished, observations on 
tissue cultures by Dr Margaret Murray, of the Laboratory of Surgical 
Pathology of Columbia University The suggestion of chondriosome forma- 
tion m some of the metastatic tumor cells may also be regarded as confirma- 
tory evidence 

It need not be any cause for surprise that an embryonal striated muscle 
cell tumor should arise m the bladder for there are a number of cases of 
rhabdomyoma and rhabdomyosarcoma of that organ on record Montpellier, 
m 1929, found records of 12 cases Ten years later, Uhlmann, Grossman 
and Calvin found seven moie, and we have found at least seven other cases 
not included in those two groups (Janu and Stolz, 1932, Bailey, 1934, 
Planque, 1937, Hirsch and Brown, 1938, Vermooten, 1939, and Hunt, 
1943, two cases) All of these tumors were composed of more or less differ- 
entiated rhabdomyoblasts usually with cross striations and none had the 
granular cells characterizing this tumor Most of them occurred in children 
and displayed their malignancy by rapid infiltrative local growth Metastases 
were very uncommon 

But perhaps the most important observation here recorded is the fact 
that one of these granular cell myoblastomas has behaved like a malignant 
tumor and metastasized So far as our information goes, this is the first 
proved case to have exhibited this phenomenon among 50 cases recorded in 
the Laboratory of Surgical Pathology of Columbia University, and nearly 
100 othei reported cases It will, therefore, no longer be possible to regard 
the granular cell myoblastoma with equanimity as an entirely benign neoplasm 
which never metastasizes On the other hand, such an event must be ex- 
tremely uncommon so that usually it need not be anticipated 
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SUMMARY 

A malignant granular cell myoblastoma is reported which arose probably 
in the urinary bladder, recurred following excision, and caused death with 
metastases 17 months after operation The piimary growth is identified as 
an example of Abrikossoff’s third group of myoblastic myomas As such, it 
is believed to be the first example of its kind to have developed in the bladder 
and also the first record of such a tumor to metastasize and cause death 
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the treatment of actinomycosis with penicillin 

Maj John M Walker, MC.AUS, 
and 

Capt Joseph W Hamilton, M C , A U S 

l-RO I Tim Sr< TION OF SCPTIC SURGERY, BUSHNELL GENERAL HOSPITAL, BRIGHAM CITI UT\H 

Within the p\st year (1943-1944) six cases of actinomycosis have 
been treated with penicillin at the Bushn ell General Hospital All of these 
cases were under the supervision of one of us (J M W ), and it is upon 
the obseivations and study of these cases that this papei is based 

During the past iS months w r e have been interested m se\en cases 
of actmom} cosis admitted to 0111 wards These cases were proven actino- 
mycotic infections b\ the finding of the ra} fungus both macroscopically and 
microscopicalh Most of these cases had received various othei forms of 
therap}, including 1 oentgenotherap} , potassium iodide and sulfa therapy 
Howevei, we felt that in the laige percentage of these cases adequate sulfa 
therapy had not been given It w as our plan to treat five cases w ith penicillin 
therap} which was done, and then to treat tw r o cases with adequate sulfa 
therapy alone In the last gioup one of the cases was a success and the othei 
case must be considered a definite failure as a recurrence, with positive drain- 
age, took place four months latei while under sulfa therap} This one case 
is included m the pi esent series as a successful result of penicillin thei apy 
Herrell 1 Maich 4 1944 reported four cases of actinomycosis treated 
with penicillin at the Mayo Clinic, with tw'O failures He does not state 
the amount of penicillin used or the length of time that penicillin was admin- 
istered It is om contention, fiom our own experience, that the treatment 
of actinomycosis with penicillin should be a prolonged one and that surgen, 
when feasible should be employed in conjunction with this foim of therapy 
“Actmomvcosis is an infectious granulomatous disease characterized by 
the destruction of tissue suppuration, and an overgrowth of fibrous tissue ”~ 
This to us is an excellent description of the disease, and one immediately be- 
comes aware of the cluomcity of the disease and why the morbidity may be 
a prolonged one Meleney, 3 m a recent article, m discussing drug therap} 
in infectious disease lays great stress on the difference between medical and 
surgical infections and the pathologic characteristics which differentiate them 
This is a fundamental article and well illustrates the difficulties encountered 
in treating actinomycosis with any drug It is our feeling that even though 
the drug is extremely potent and may be lethal to the Actinomyces , that 
anyone w r ho expects to cure a chronic actinomycotic infection m a few days 
with any form of drug therapy is going to be disappointed 

In September, 1942, Waksman and Woodruff 4 reported that penicillin 
had a definite bacteriostatic effect on the Actinomyces Since that time several 
other investigators have corroborated these findings We found great diffi- 
culty in growing these organisms, due principally to the fact that the 
Actinomyces are micro-aerophilic and we w'ere unable to get the correct 
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environment for growth Due to these findings and because of the beneficial 
effect of other bacteriostatic agents, notably the sulfonamides 5 on actino- 
mycosis, we started penicillin therapy on July 4, 1943, in the clinical treatment 
of actinomycosis 

The six cases of actinomycosis will be broken down into three subgroups 
in order to illustrate more adequately the disease process and the problems 
of therapy 

Group I Cases with only soft tissue involvement (two cases) 

Group II Cases with bone involvement as well as soft tissue involve- 

ment (three cases) 

Group III Cases with generalized systemic involvement (one case) 

group 1 

Case x — White, male, age 28, born in Missouri Patient’s past history was non- 
contributory In July, 1942, he had a left lower third molar tooth extracted Two weeks 
later he developed swelling, pain and tenderness in the left inframandibular region which 
progressed, and, in September, 1942, an incision and drainage in this area was carried 
out On November 1, 1942, he developed pam, swelling and tenderness m the left 
temporal region and, December 13, 1942, he was transferred to the Bushnell General 
Hospital, with a large fluctuant abscess in the left temporal region and an indurated 
tender area, with fluctuation in the inframandibular region Roentgenograms showed 
no bone involvement 

Incision and drainage of the left temporal region and of the inframandibular region 
was carried out December 20, 1942 The diagnosis of actinomycosis was established 
grossly and micioscopically The wound continued to drain and he was treated 
with potassium iodide, ten drops 1 1 d , from February 1, 1943, through February 24, 1943 
He also received roentgenotherapy in February and March of 1943, 800 R units 
During this time there was no improvement 

On April S, 1943, sulfadiazine was started and carried out for two months for a 
total of 240 Gm Under sulfadiazine therapy there was marked improvement Both 
areas healed and there remained little or no residual induration 

He was alloved to go home at this time on a furlough, and while at home had a 
definite recurrence, with swelling and induration in the inframandibular region On July 
4i 1943, ray fungi were again demonstrated in the drainage from the inframandibular 
region and the patient was admitted for penicillin therapy He received 15,000 units, 
q 3h , intravenously, for a total of 2,794,000 units for three weeks, with marked improve- 
ment and subsidence of all swelling He was then sent to the Rehabilitation Camp, 
where he had a definite recurrence with positive drainage 

He was retreated from September 16, 1943, until October 8, 1943, with penicillin, 
25,000 units, q 3h , intramuscularly, for a total of 4,300,000 units Again, he showed 
marked improvement, but even at the conclusion of therapy there remained a small 
weeping area in the inframandibular region Scar tissue and underlying fibrotic tissue 
was then excised and the wound closed At operation there was no evidence of sup- 
puration The pathologic diagnosis of chronic, inflammatory tissue from the left 
inframandibular region was made The wound healed per primam and remained 
soft, with no evidence of induration 

He was discharged to duty on January 21, 1944 Recent follow-up by letter in 
April, 1944, states that he has remained well with no evidence of infection 

Comments This patient showed an excellent response to sulfadiazine 
therapy initially, and it is our feeling that if sulfadiazine therapy had been 
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continued he might not’ have had a recurrence Secondly . This patient was 
the first that we treated with penicillin therapy and it is obvious that three 
weeks were not sufficient, as evidenced by a definite recurrence Also, it 
should be noted that at this time we were giving penicillin intravenously while 
m the second course of therap3 r he received the drug intramuscularly There 
is little doubt that the intramuscular use is preferable to the repeated 
intravenous method Lastly It should be noted that even at the conclusion 
of penicillin therapy a small weeping area in the neck remained which 
responded satisfactorily to surgical excision of scar tissue If the patient 
were to be treated at the present time we would carry out early excision of 
scar and fibrous tissue while under penicillin therapy 



Fig i Fig 2 

Fig 1 — Group 1 , Case 2 (7-2443) Marked cellulitis of left inframandibular region, before penicillin 

Fig 2 — Group r, Case 2 (97 43) Six weeks later, at conclusion of penicillin therapy 


Case 2 — White, male, age 33, born m Minnesota Past history was noncontributory 
He had a third right lower molar tooth extracted on March 10, 1943 On April 20, 1943, 
he noticed a hard swelling just below the right mandible This area increased m 
size and was moderately tender and he was hospitalized on April 30, 1943 On May 10, 
1943, R-15 was extracted, and on May 22, 1943, external incision and drainage was 
carried out On June 21, 1943, Actinomyces were recovered from the drainage The 
patient received potassium iodide from May 13, 1943, until July 1, 1943, with an 
average of 100 drops a day with no improvement On July 20, 1943, he was transferred 
to Bushnell General Hospital Examination at this time revealed the whole right side 
of the neck below the mandible indurated and tender, with fluctuation m four separate 
areas (Fig x) There was moderate drainage which contained sulphur granules Roent- 
genograms were negative for bone involvement On July 25, 1943, penicillin therapy 
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was instituted, 15,000 units, IV, 93b, for a total of 43 days, with a total dose of 
5,040,000 units 

Three weeks after treatment had been instituted the neck showed marked improve- 
ment but there still remained an area of fluctuation Treatment was continued for three 
more weeks, and this area subsided completel) At the conclusion of treatment on 
September 6, 1943, the entire neck was soft and pliable with no areas of induration or 
tenderness (Fig 2) He was obseived for th'^e months and then discharged back to 
duty January 11, 1944 



Fig 3a Fig 3b 

Fig 3 — Group II, Case 1 (92143) Showing bone involvement of right mandible 



Fig 4a I'm 4b 

Tig 4— Group II, Case 1 (42244) Roentgenogrnpbic cndence of bone regeneration, w lth subsidence 

of infection 


Comments This patient had a marked infection which was, however, 
limited only to the soft tissues in the maxillofacial region It is of intei est 
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that at the end of three weeks the disease piocess had not completely cleared 
and it was necessaiy to continue therapj foi three additional weeks 


GROUP II 

Case i \\ lute male age 33, born in Idaho Patient’s past history was irrelevant 
On Juh 6, 1943 lie had R-ro extracted because of pain On July 8, 1043, he developed 
swelling on the right side of the jaw, and on July 9, 1943, he was unable to open his mouth 
The patient was treated with sulfadiazine from July 9, 1943, until September 2, 1943 He 
lecened fire courses of sulfadiazine, 1 Gm q4h, with a total of 210 Gm Under this 
regimen theie was no improvement, and the diagnosis of osteomyelitis of the right 
mandible was made On September 2 1943 he was transferred to Bushnell General 
Hospital 

Examination lieie retealed a chronic cellulitis of the soft tissues oterljing t' e lowei 
thud ot the right mandible Roentgenograms revealed bone involvement and seteral 
tacuoles were piocnt in the right mandible, the largest of these measuring 1 x 1 4 cm 
(Fig 3 \. and B) On September 23, 1043, a small sequestrum in the apex of the first 
molar tooth was extracted through the floor of the mouth Following this the patient 
w as treated w ith large doses of sulfadiazine, 1 Gm q 4b , for a total of 168 Gm and also 
200 R units ot loentgenray to the indurated area However, he failed to improre, and 
on October 20, 1943, there was definite fluctuation just below r the right mandible and 
a small incision was made Sulphur granules were found and the diagnosis ot actino- 
mycosis was established 

On October 20, 1943, penicillin therapj was started, 25,000 units, 1 M, q 3h , and this 
was continued until October 29, 1943 when the dosage was reduced to 15,000 units 
IM, q 3I1 , wduch was continued until November t i, 1943 a total of 3,360000 inits 
Under penicillin therapy there was a dramatic response At the start of treatment 
there was marked tnsmus, the patient being able to open lus mouth only one centimeter, 
and there was marked cellulitis At the end of ten davs the cellulitis had completely 
disappeared, and at the end of two weeks he rvas able to open his mouth completely 

On Nor ember 23, 1943, 12 days after penicillin therapy had been discontinued, 
he der eloped swe’ling over the right mandible and roentgenograms at this time showed 
endence of infection at the bases of most of the teetli It was decided that all teeth 
should be extracted Because of the cellulitis about the right mandible and also 
because of the prerioas occurrence of actinomycosis follorvmg tooth extraction, it was 
decided to treat the patient rv’th penicillin while his teeth were being extracted He 
was treated with penicillin from November 25, 1943, until December 22, 1943 rv th a 
total of 6,300,000 units During this time both the upper and lower teeth rvere extracted 
except for two which rvere left in situ in order to anchor dental plates 

This patient had an unerentful course following teeth extraction At no timt 
rvere we able to note any drainage He rvas followed for a period of seven months, 
with no recurrence It is interesting to note that the bonv lesions had healed completely 
by the time of discharge (Fig 4 A and B) 

Comments This case is interesting for several reasons The patient re- 
ceived a total of 378 Gm of sulfadiazine previous to penicillin therapr without 
benefit It is also interesting that the patient had a definite srvelhng following 
the first course of penicillin theiapv However, this srvelhng was not in 
the legion of the original cellulitis but approximately three inches away 
Whether this cellulitis was due to actinomycosis cannot be determined It 
should be noted that following extraction of teeth plus penicillin therapy, the 
bony lesions in the right mandible cleared 

Case 2 —White, male, age 23, born in Kansas City, Mo , first noticed tenderness 
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and swelling m the region of the left temporomandibular joint on May 24, 1943 He 
went to the Dental Clinic at a Station Hospital m California, and had four teeth filled 
Four days later there was marked pain in the left side of the neck and jaw, and 
roentgenograms revealed an impacted left upper third molar, which was extracted 
Twenty-four hours after operation pam and swelling increased, and there was fixation 
of the lower jaw, in occlusion He was treated with sulfathiazole, 1 Gm qid from 
June 12, 1943, until June 29, 7943 He was then transferred to a General Hospital 
where he was given roentgenotherapy for three days, 300 R units daily, for a total 
of 900 R units On July 2, 1943, an incision in the inframandibular region was made 
and sulfanilamide was placed m the wound Drainage positive for Actinomyces was 
obtained 

On July 23, 1943, he was transferred to Bushnell General Hospital On examina- 
tion, there was marked cellulitis of the supramandibular region and of the inframandibular 
region, with a chronic suppurative wound in the inframandibular region There was 
marked trismus, he being able to open his mouth only one centimeter Roentgenograms 
of the left mandible at this time showed periostitis of the ramus of the left mandible and 
an abscess in the middle third of the left ramus The drainage from the left mfra- 
mandibular wound was positive for ray fungi On July 25, 1943, the patient was 
admitted to the penicillin ward with a temperature of 998° F Laboratory work-up was 
within normal limits Penicillin therapy was started this day, 15,000 units, IV, every 
three hours He was treated for six weeks with th.s dosage, and the inframandibular 
region cleared but the supramandibular region remained markedly indurated Dosage 
was then increased to 25,000 units, IM, for two weeks, and the supramandibular region 
softened completely during this time Trismus had disappeared at the end of six 
weeks This patient received a total of 7,845,000 units of penicillin Approximately 
three months after penicillin was discontinued he developed a small firm mass m the 
region of. the submaxillary gland on the left side, and he was treated with sulfadiazine 
for three months, with clearing of this region 

Comments There are seveial interesting features in this case This 
patient had extensive actinomycosis, with a marked overgrowth of fibrous 
tissue as well as bone involvement He responded well to penicillin therapy, 
but only after a long course of tieatment He would undoubtedly have done 
better if surgery had been carried out while under penicillin therapy, with 
excision of the fibrous tissue It is interesting to note that approximately three 
to four months after penicillin therapy had been discontinued he developed 
a firm nodule in the region of the submaxillary gland which subsided under 
sulfadiazine therapy Roentgenograms taken in May, 1944, show a clearing 
of the periostitis, but there still remains a small area with decreased density 
m the body of the left mandible, which is apparently filling in satisfactorily 

Case 3 — White, male, age 18, born m St Louis, Mo On December 12, 1943. he 
developed sore, swollen gums at the base of the incisor teeth of the lower jaw On 
December 19, 1943, there was a fluctuant mass noted m the mental region Incision 
and drainage was carried out, and drainage was positive for ray fungi Roentgenograms 
taken on December 22, 1943, showed a punched-out area in the lower third of the right 
mandible Following this he was placed immediately on sulfadiazine therapy, which 
was continued for four months Treatment was started with sulfadiazine Gm 1 q4h 
for two weeks and then cut down to Gm 1 q 1 d , and then Gm 1 1 1 d The sulfadiazine 
blood level was maintained between 4 and 8 rng per cent Under this therapy he im- 
proved, but on April 16, 1944, an area in the mental region broke down at the site of ’ 
the previous incision, and drainage was again positive for ray fungi On April 20, 1944, 
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he was admitted to the penicillin ward and penicillin was started 25,000 units, IM, q 3h , 
which was continued until May 20, 1944, a total of 5,975, 000 units He showed im- 
mediate and marked improvement under penicillin therapy but there remained a hard 
indurated area m the mental region On May 4, 1944, 14 days after penicillin therapy 
had been started, a transverse incision just below the mandible was made and scar 
and granulation tissue was excised The bony lesion in the mandible was curetted at 
the same time The wound was closed with interrupted silk sutures, and he had an 
uneientful postoperative course All signs of induration disappeared at the end of seven 
days, and penicillin was discontinued on May 20, 1944 

Comments This patient had veiy little cellulitis but had marked fibrosis 
of the soft tissue, with a good-sized defect m the mandible Sulfonamide 
therapy was a failure in this case but there was a good response to penicillin 
plus surgery It is worth observing that surgery was carried out two weeks 
after penicillin therapy had been started, with excision of dense, fibrous and 
granulation tissue, and that the wound was closed and healed per pnmain 
Although this case has only been followed for a period of three weeks after 
the discontinuance of penicillin, the skin at this time is soft and pliable, with 
no evidence of induration Follow-up has not been long enough, but the 
patient appears clinically cured 


group hi 

Case 1 — White, male, age 50, born in Los Angeles, Calif He developed dyspnea, 
followed by cough, increased sputum and hemoptyosis in October, 1942, m Hawaii He 
was hospitalized No definite diagnosis was established but he was placed on potassium 
iodide, 30 drops tid and sulfathiazole, Gm 1 qid for one month in November, 1942 
He was then transferred to a General Hospital in December, 1942, where no definite 
diagnosis was established, but the diagnosis of a possible malignancy m the left upper 
lobe was entertained (Fig 5) In February, 1943, he was transferred to another General 
Hospital and while enroute he developed pain, tenderness and swelling just below the 
right knee joint This broke down in the later part of February, and a short time later 
the diagnosis of actinomycosis was established by finding ray fungi in the drainage 
from this area He was treated with sulfathiazole, Gm 1 q 4h , for 15 days in February 
He continued to go downhill, with marked weight loss, increase in sputum and pain m 
the left chest He was treated with sulfadiazine, Gm 1 q 1 d for three weeks m 
April, 1943 About this time infiltration about the right diaphragm was noted 

On July 15, 1943, he complained of severe pain in the back and this became pro- 
gressively wor^e On August r, 1943, a right subhepatic abscess was incised and 
drained Following incision and drainage of the abscess he failed to show improvement 
His general condition by this time had become critical He had lost approximately 
70 pounds in weight, and was taking either morphine, Gm 0015 or dduadid, Gm 0004 
every four hours On August 24, 1943, he was transferred to Bushnell General Hospital 
and was admitted on the 25th Examination at this time revealed a chronically ill, 
emaciated white male, who was in a critical condition 

He complained of marked pain m the left upper and right lower chest He was 
raising approximately 100 cc of thick sputum daily Physical examination revealed 
dullness at the left apex, with occasional moist rales, decreased breath sounds at the 
light base, with moist rales on coughing There was a draining abdominal wound 
which contained 6 to 8 feet of two-inch packing The skin from the lateral and medial 
aspect below the right knee joint had been excised for an area of approximately 12 b> 
8 cm on each side but there were two draining sinus tracts, one laterally and one 
mediallv, which extended up toward the knee joint Examination of the sputum 
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revealed typical sulphur granules, which were confirmed by laboratory diagnosis 
The drainage from the right subhepatic area and, from just below the right knee joint 
showed gioss and microscopic ray fungi Temperature on admission was 1002° F, 
R B C 3,100,000, hemoglobin 11 Gm , W B C 13,700, with a sedimentation 
rate of 37 

Roentgenograms of the chest revealed an exudative fibrotic lesion m the left apex 
and a similar lesion at the right base, with fixation of the right diaphragm (Fig 6) 

1 10 o Fig 6 



Fig 7 Fig 8 

Fig s — Group III Case 1 (22 43) Showing exudative infiltration and fibrosis of left upper lobe 

Fig 6 — Group III, Case 1 (7 17 43) Showing imolveraent of right base, with changes similar 

to those of left upper lobe 

Fig 7 — Group III, Case 1 (9 1443) After three weeks of penicillin therapy Note improvement 
Fic 8 — Group III, Case I (11443) Two weeks after termination of penicillin, showing marked 
clearing of exudative reaction 
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Roentgenograms of tlic light knee joint showed slit At to moderate destruction of the 
cartilage of the medial condjle of the femur He was, started on both systemic and 
local penicillin He recened 15,000 unit-., IM, q }h , from August 5 1943, through 
Vugust 27 1943, and then 25,000 units August 2.8, 1943 . through Septembei 15, 1943, 
and then 15,000 units from September 16, 194 5, through October 20, 1943 — a total 
of S, 170, 000 units He was lccemng local penicillin, 250 units to the cubic centimeter, 
into the abdominal wound and to the gtanulating areas below' the right knee joint 



Fig 9 — Group III, Case i (3 1444) Inflammator} process has resolved, 
onlj residual fibrosis remains 


There w'as a dramatic response to penicillin therapy Within 24 hours it w'as 
possible to stop the narcotics Within five days his temperature had become normal, 
and remained below 99 0 F after this Within tw T o w'eeks time he had ceased raising 
sputum, and all drainage from the knee joint and subhepatic area had also ceased 
(Fig 7) During the eight-weeks course of penicillin therapy he gamed 25 pounds 
in weight 

One month after penicillin therapy had been instituted, roentgenograms of the 
cecum and ascending colon were taken Barium enema showed definite involvement 
of the cecum and ascending colon After penicillin had been discontinued he continued 
to improve and all wounds had healed solidly at the end of 2 5 months The patient was 
followed until May 5, 1944, when he w'as retired from the Army In February, 1944, 
w'hile there w r as no evidence of active infection, it was decided, because of the extensive 
nature of the disease, that a course of sulfonamide therapy should be administered, 
and he received sulfadiazine, Gm 1 qid, and then Gm 1 1 1 d for tw'O months At the 
time of discharge he had no complaints, except for moderate dyspnea on exertion and 
pam 111 damp w'eather m the left shoulder joint 

He had gamed 63 pounds, R B C was 4 800,000, w lth 15 2 Gm of hemoglobin , 
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and W B C ranged between 6,000 and 8,000, with a normal differential Sedimentation 
rate was 1 to 3 millimeters Roentgenograms showed complete clearing of the process 
at the right base, except for a minimal amount of fibrosis The right diaphragm which 
had been fixed had become mobile There was still moderate fibrosis of the left upper 
lobe G I series and barium enema showed no organic pathology, except for a diverti- 
culum of the duodenum An electrocardiogram was reported normal 



Fig 10 — Group III, Case 1 (41744) Showing general nutritional state 

at time of discharge 


Comments This case represents a severe, generalized actinomycotic 
infection, involving the left lung, right lung, right diaphragm, cecum and 
ascending colon, with a subhepatic abscess, and infection of the skm and 
underlying tissue below the right knee joint Whether the knee joint itself 
was involved is open to question There were two sinus tracts, one lateral 
and one medial, which extended up to the joint Roentgenograms showed 
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only roughening of the cartilage over the medial condyle of the femur The 
response to penicillin was brilliant It was almost unbelievable to see the 
rapid improvement of this dying man to penicillin therapy 

He was followed seven months after termination of penicillin therapy, with 
no evidence of recurrence It should be noted that in February and March, 
1944, he received sulfadiazine therapy Although the patient at this time 
showed no evidence of infection, one of us (J M W ) felt that the disease 
process had been so extensive that sulfadiazine as a prophylactic measure 
should be administered Whether this had any effect is difficult to say 

Discussion — In these six cases of actinomycotic infection there are 
several interesting features Only two of the cases had had a diagnosis of 
actinomycosis made before admission to this hospital This is not particularly 
surprising, but we believe that with any chronic cellulitis, especially in the 
maxillofacial region, the diagnosis should be entertained, and once entertained 
it is usually soon established if present However, the surgeon in charge 
of the case should establish the diagnosis by the finding of the sulphur 
granules It then becomes his responsibility to see that these granules are 
promptly sent to the laboratory for examination Frequently simply a swab 
of pus is sent to the laboratory for smear and culture, and the result is that 
the diagnosis is not made 

In not one of these cases could a history of chewing straw, etc , be obtained 
We thus feel in accord with Colebrook, 0 Cope, 7 and others, that the fungus 
may be harbored in the human mouth, and we believe that Hennci 8 is correct 
in his assumption that the fungus may be modified to a fragmented or bacillary 
form in the mouth so that it is extremely difficult to identify It also naturally 
follows that with trauma, such as tooth extraction or infection (gingivitis) 
a break in the mucous membrane plus tissue necrosis takes place and a fertile 
bed for the growth of a micro-aerophilic organism occurs 

As far as penicillin therapy is conceined, the six cases illustrate the fact 
that penicillin is an effective agent in combating the disease actinomycosis 
All six cases responded well to the drug The response of Case I, Group III, 
was nothing short of miraculous Several of these patients were treated 
with repeated intravenous injections of penicillin This method has been 
discarded as the intramuscular route is undoubtedly superior It should be 
noted, also, that surgical excision of scar and underlying fibious and granula- 
tion tissue was undertaken m two cases We believe that this step is a good 
adjunct to penicillin therapy where there is marked overgrowth of fibrous 
tissue Both cases healed pe i pmnam It is evident because of the nature of 
the disease process that penicillin must be administered for an adequate period 
of time We started out with the idea of treating these cases for three weeks, 
but from our own experience we found that it usually required six to 
eight weeks 

There is little doubt that the sulfonamide's are effective against this disease, 
and it might well be that a combination of the two drugs could be employed 
to advantage Due to the fact that we were attempting to evaluate the effect 
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of penicillin this was not done In two of the cases sulfadiazine was 
administered at a later date 

There is little doubt that today penicillin is the most effective therapeutic 
agent we have in the treatment of actinomycosis 

CONCLUSIONS 

*i Six cases of actinomycosis were treated with penicillin therapy, with 
favorable lesults It is fully realized that the follow-up periods have not 
been adequate to establish permanent cure 

2 The treatment with penicillin must be piolonged 

3 Surgical excision should be used as an adjunct to penicillin theiapy 
when there is maiked fibrosis and scan mg, which is amenable to it 
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AND THE OCHSNER CLINIC, NEW ORLEANS, LA 

Those of us who were present will not soon forget the meeting of the 
Southern Surgical Association in 1941, which was held only a few days after 
that tragic Sunday of December 7 Since that time we have all concentrated 
our attentions and efforts toward eliminating Nazism, Fascism, and "Rising 
Sunism ” Now, however, with the possibility that the war may end none too 
quickly, we, as a medical profession, are confronted by new problems and 
must face new horizons 

Unfortunately, during the period of global conflict medical education has 
suffered materially In order to furnish more physicians for the Armed 
Forces, medical schools cooperated with the Army, Navy, and Public Health 
Services in accelerating the medical school programs Although every at- 
tempt was made to give courses equal to those given m peace time, generally 
this has not been accomplished for two reasons first, many students became 
"stale” or fatigued because of the intensive training which they received , and, 
second, and probably more important, many of the teaching personnel volun- 
teered for active duty which left only a skeleton staff to carry on the instruc- 
tion Although undergraduate teaching has suffered considerably, this is of 
relatively little consequence when compared with the almost complete inter- 
ruption in graduate training Unfortunately, the high standards which had 
been set and attained by the various certifying boards and approving bodies 

* Address delivered before the Fifty-sixth Annual Session of the Southern Surgical 
Association, December 5-7, 1944. Hot Springs, Va 
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had to be disregarded during the war period, because with few exceptions 
medical graduates enter active military service immediately after a nine 
months’ internship and only a few are able to obtain a nine months’ or pos- 
sibly an eighteen months’ residency Because of this, the specialty training 
program which had been so carefully developed and which was operating so 
efficiently before war was declared collapsed completely, and for the war 
period there will be a very small number of specialists trained, resulting in a 
great decrease in the total number of especially trained physicians In the 
post-war period, as quickly as demobilization is accomplished, there will be 
a need for a large number of places for advanced training, because not only 
will those physicians who in normal times would have obtained specialty 
training want it, but also many others will desire residencies Many of the 
latter group will be stimulated to request specialty training because of the 
experience which they have had with specialty group practice in the service 
This is evidenced by the results of the pilot survey made by the Committee 
on Post-War Medical Service which showed that slightly over 8o per cent 
of the men in service desired additional training and that over half ( 58 2 
pei cent) desired a prolonged training 1 As the number of residencies and 
fellowships which were available before the outbreak of the war was insuf- 
ficient to satisfy the demands at that time, it is obvious that the number of 
places available for specialty training will be woefully inadequate m the post- 
war period It is estimated that approximately 15,000 men will desire some 
type of surgical training and that 10,000 will want prolonged training m 
surgery, 1 and since in 1943 there were only 2,584 approved surgical resi- 
dencies, 2 it is, thus, evident that additional facilities must be made available 
for the training of these men Davison 3 has suggested that the number of 
residencies might be doubled in the post-war period in order to accommodate 
an increased number of trainees Although this probably should be done' in 
many institutions, it is not particularly desirable because it would decrease 
the value of a residency, particularly in the surgical specialties in which a 
relatively greater number of patients are required for resident training than 
in the medical specialties Whereas a dozen or more graduate students can 
examine the same medical patient with approximately equal benefit to all, 
only one surgeon can operate upon a patient Additional places for graduate 
training can be obtained by using facilities which have not been utilized before 
There are in the United States a large number of institutions which have not 
been appro\ed for residencies, but which can, should, and must be utilized in 
the post-war period It is obvious that the obtaining of additional beds alone 
is not all that is necessary for increasing the number of suitable residencies 
Of even more importance is the supervision of work done by the trainee 
Unfortunately, in the past there has been supervision only in the w'ell-con- 
trolled institutions, and generally those in which teaching has been done 
There is no reason, however, wdiy m the future outlying institutions cannot 
be placed under the jurisdiction of a teaching institution and be utilized for 
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lesident tiaming Such plans are m operation now m California under the 
auspices of the University of California Medical School, m Michigan under 
the auspices of the University of Michigan Medical School, and are contem- 
plated in Louisiana under the auspices of Tulane University It is proposed 
that supervision of the trainees m the outlying institutions be done either by 
a full-time staff member who is supplied by and who is directly responsible to 
the University or by a responsible member of the staft who is appointed as the 
University representative in that institution These men would be responsi- 
ble for and would supervise the \\ ork of the 1 esidents and would report from 
time to time to the University The residents should spend a certain period 
(probably six months) of their training in the University proper at which 
time they would receive training in the fundamental sciences In this way a 
large number of additional residencies could be made available in all branches 
of medicine, and yet a high standard of training could be maintained It is 
possible that a resident after having served several years in a university hos- 
pital might be appointed as chief resident in one of the smaller hospitals 
This would permit him to have considerable experience and responsibility 
and at the same time he could exert an excellent influence on the practice of 
medicine in that hospital, because he would be able to bring to the institution 
the methods, ideas, and ideals of the teaching hospital In order for this plan 
to be successful, it would be necessary to have the hearty cooperation of the 
staffs of the hospitals concerned, and it is possible that there might be some 
antagonism to the plan On the other hand, if the staff members of these 
hospitals would appreciate the fact that m this way, and in this way alone, 
would it be possible for them to attract well-trained residents, they would 
realize the value of the plan to the hospital, their patients, and themselves 

It has been emphasized by Dean Kostmayer, of Tulane University, that 
in the future some piovision should be made whereby it will be virtually 
obligatory for every physician to take postgraduate courses from time to time 
There is no science which is less static than medicine, and it is untenable for 
a physician to assume that because he has received his diploma and license 
to practice medicine he need no longer study and keep abieast of the times 
Fortunately, the need for obtaining additional graduate training from time to 
tune is appreciated by most physicians, but, unfortunately for the public, those 
who need it most realize it the least and seldom, if ever, have any further 
training It would be extremely desirable, however, if it were necessary to 
renew at periodic intervals the license to practice and if such a renewal were 
possible only if the physician could show evidence of having received addi- 
tional training 

For the past decade and a half we have all heard a great deal about 
socialized medicine, and most of the medical profession have immediately 
condemned this form of practice as being detrimental to good practice and as 
one which would destroy medicine in general I fear that many times the 
arguments advanced by the profession against this form of practice have been 
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for personal reasons, and although self-preservation is desirable, it is less 
likely to be accepted as justification for the continuation of private medical 
practice than a less selfish one Unfortunately, when one speaks of socialized 
medicine, it is usually not realized that even at the present time medicine is 
to a cei tain extent socialized Certainly the care of the indigent patient in 
federal, state, or city charitable institutions is socialized medicine The activ- 
ities of the Public Health Service m its control of the communicable diseases, 
the medicine in the Armed Services, and that practiced in institutions for 
tuberculosis and mental diseases are forms of socialized medicine Even in 
private practice, the frequently used plan of a sliding scale of fees is a type 
of socialized medicine A total expenditure for medical care m a normal year 
is $3,656,000,000, of which $509,000,000 (16 per cent) is paid directly by the 
government 4 At the outset, therefore, we all must admit that we already 
have socialized medicine and have practiced it for some time 

Before one can consider intelligently the necessities, advantages, and dis- 
advantages of proposed federal legislation to supply complete medical care 
to all persons, there are several questions which should be answered Is 
there need for any change in medical practice m America to-day ? Is medical 
practice adequate to meet the present requirements? Are the proponents of 
federal medicine justified in their claims that a change must be made? The 
statement has been made frequently in the past that m the United States 
to-day the best medicine of the world is practiced This is undoubtedly true 
for mdigents who can be admitted to charity institutions, particularly if these 
hospitals are staffed by the faculty of a medical school This is also true for 
the wealthy who are able to obtain and to pay for the required medical care 
However, is it possible for the masses of people who comprise the so-called 
white collar class to obtain adequate medical attention ? According to Simons 
and Smar 5 “The first point to determine is whether there is, in the United 
States, any large section of the population with an income too small to meet 
the cost of necessary medical care This question must never be raised among 
those familiar with the facts That it is continuously raised, and the existence 
of such a class denied by repi esentatives of the medical profession, is one of 
the principal counts and indictments of economic and social ignorance brought 
against those professions There is not a single competent student of the 
subject who does not agree that several million of the population m this 
country receive incomes insufficient to purchase the fundamental necessities 
of life This conclusion is indorsed by employers’ organizations and trade 
unions, by the United States Bureau of Labor, charity workers, economists, 
statisticians, and sociologists of every type and attitude It is one of the very 
few undisputed facts in the realm of economics Yet, its explicit or implied 
denial is constantly found in writings admitted to medical and general jour- 
nals ” According to Buehler, 0 in 1928, at the height of prosperity, 15 per cent 
of families had an annual income of less than $120000, 348 per cent had an 
income from $r200 00 to $200000, 246 per cent an income of $2,00000 to 
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$3,00000, 157 per cent an income from $3,00000 to $5,00000, 7 per cent 
an income from $5,00000 to $ro,ooooo, and only 2 9 per cent had an income 
of $10,00000 or more Seventy-four and eight-tenths, or approximately 
three-fourths of all families, had an annual income of $3,00000 01 less and 
half (49 8 per cent) had incomes of $2,000 00 or less even m boom times 
The average annual costs of medical care for these same gioups were as 
follows under $120000, $4900, $120000 to $200000 $6700, $2,00000 
to $3,000 00, $95 00 , $3,000 00 to $5,000 00, $138 00 , $5,000 00 to $10,000 00, 
$24900, and $r 0,000 00 or more, $50300 Reed 4 showed m a study made 
in 1928 of the incomes of 29,000,000 families that 14 per cent of the families 
with an average of four and one-half persons per family had incomes of less 
than $1,000 00 , 30 3 percent had an income of $1400 00 or less , 68 1 per cent 
had an income of $250000 or less, whereas 908 per cent had an income of 
$5 000 00 or less There were only 9 2 per cent with family incomes of 
$5,00000, and 2 67 per cent with incomes over $10,000 00 Ovei half of the 
families (55 3 per cent) had an income of $2,00000 or less Carey, 7 from 
1935-1936 statistics, found that there were over twelve million families with 
annual incomes of $1,00000 or less and mver two million with incomes of 
$50000 or less From 1942 statistics, at which time theie was considerable 
employment and high wages were paid, he found that theie were thirteen 
million families with incomes of $150000 or less Carey 7 maintains, and 
justly so, that the 1935-1936 statistics probably more closely approach the 
post-war incomes than those of 1942 It is, thus, apparent that there are 
many families even now, and m the post-war period there will be probably 
many more, who can afford to pay only a modest amount for medical care 
On the other hand, it must be emphasized that a much larger quantity of 
money is spent on luxuries than for medical care According to Cabot 8 more 
than four times the amount spent on medical care is spent for “passenger auto- 
mobiles, noncommercial use of gasoline, tobacco, candy, cosmetics, soft drinks, 
toys, jewelry, and amusements ” According to Reed 4 “The amount spent 
each year for tobacco alone is not quite the total gross income of all physi- 
cians , the amount spent on candy is more than twice that expended on civilian 
hospitals, the amount spent for cosmetics is about twice the expendituies 
for nurses ” 

Unfortunately, with the advance of medical sciences and with the in- 
crease in specialization which has become necessary since medicine has gotten 
so complicated it has become impossible for one to familiarize himself with 
all branches Diagnosis has become more complicated and more difficult, and 
a more piolonged and elaborate training of the physician is essential 
Whereas our predecessois made a diagnosis by looking at the tongue, count- 
ing the pulse, and lecordmg the temperature, and they were correct m a 
large number of instances, at the present time such a cursory investigation 
could not and would not be accepted I am perfectly willing to admit that 
the general practitioner of fifty }ears ago could tell more on a single visit 
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by the use of his own special senses and without elaborate diagnostic in- 
struments than the specialist of to-day, and it is probable that the modern 
physician does not develop the faculty for depending upon his own resources 
and relies upon more complicated laboratory procedures On the other hand, 
was the practitioner of fifty years ago able to make a diagnosis of bronchio- 
gemc carcinoma, adenoma of the parathyroid, or osteoid osteoma, to say 
nothing about the many other diseases which were unknown at that time and 
which can be diagnosed only by laboratory examinations, many of which 
are complicated and prolonged ? In order to perform these complicated 
laboratory examinations it is necessary to have expensive, elaborate equip- 
ment in addition to highly trained physicians and technicians The increased 
cost of medical care at the present time is attributable to several factors 
(i) the greater expenditure necessary to obtain a medical training, (2) the 
need for fiequent consultations with especially trained physicians because of 
the great advances in medicine, and (3) the necessity of complicated labora- 
tory examinations It is my belief that the last factor is probably the most 
important of all in increasing medical costs, because there is no physician who 
would not treat a patient no matter how poor he may be and who would not 
give his services either without cost or for that which he can pay Oa the 
other hand, decrease in the fees for complicated laboratory examinations has 
not been possible, and this, probably more than anything else, has been re- 
sponsible for not obtaining the examinations needed m many cases I would 
not care to leave the impression that complicated laboratory examinations 
are undesirable In fact, without some, many of the modern more common 
diagnoses w ould not be possible On the other hand, because of the cost of 
the complicated laboratory woik, a physician is tempted to refrain from using 
them in order to save the patient with a moderate income the additional ex- 
pense Because of this, his diagnostic acumen is deci eased and without a 
coriect diagnosis, therapeusis is likely to be symptomatic unscientific, and 
ineffectual In this way, and in this way alone, is the medicine of to-day not 
the type it should be for a large number of persons who cannot afford such 
expensive examinations That the increase m medical caie is not because 
the physician charges too much is evidenced by the estimated income of 
physicians as determined m 1929, which -was the year of high prosperity 9 
Of all private practitioners, one-half had annual net incomes of $4,00000 or 
less The other half of all physicians had an average net income of $ 5 > 7 00 00 
This includes all physicians general practitioners, partial and complete spe- 
cialists It is estimated that m 1929/33 per cent of the physicians and 22 
per cent of the dentists had inadequate incomes, taking $250000 as the net 
income \\ Inch would be adequate In 1932, at which time there was a definite 
decline in the income of physicians (an estimated 40 per cent between * 9 2 9 
and 1932), the average net income of all physicians in private practice was 
$3,450 00 9 

The amount of money spent for medical care annually is about three and 
two-thirds billions of dollars, which represents approximately 4 P er cent 
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of the income of the entire population Approximately 14 per cent of this 
amount is provided by tax funds (federal, state, and local) , philanthi opies 
provide 5 per cent, industry, 2 per cent, the remaining 79 per cent is 
paid by private individuals 9 The cost of medical care, including hospital- 
ization, medicine, and physicians’ fees, is considerable, but it is only a portion 
of the cost of sickness Generally, the income of the wage earner decreases 
or stops entirely during an illness, and this is even more of a financial burden 
than the cost of medical treatment There are m each year about eight 
recognized illnesses among each ten persons, seven for each ten males and 
nine for each ten females 9 Because of this, it becomes increasingly more 
important for medical practice to emphasize prophylaxis as well as treatment 
because if the individual can be kept well and if sickness can be prevented, 
the cost will be materially less because his earning capacity will not be inter- 
fered with It has been estimated by Falk 9 that about 500 cases of disabling 
illness wall occur in an ordinary year among each 1,000 persons of the popu- 
lation Among those occupied in gainful occupations between the ages of 
fifteen and sixty-five, about 28 per cent will have one or more disabling ill- 
nesses during a year, 15 per cent will be disabled for eight days 01 less, 10 5 
per cent will be disabled for nine to forty-five days, and from 2 to 2 5 per cent 
from forty-five to three hundred and sixty-five days 

These figures indicate that the economics of medicine as practiced today 
can be and are hardships to a large number of people and that some change 
in medical practice is necessary The problem of meeting the costs of 
medical care would not be so difficult if one were able to anticipate an 
illness at any particular time and budget for it Fortunately for those 
who remain well, sickness does not occur with regularity One may 
go several or moie years with no illness, but finally have several illnesses 
within a short time According to Falk, 9 the annual incidence of illness in 
1,000,000 persons is as follows 470,000 will suffer no recognized illness, 
320,000 wall be sick only once, 140,000 will be sick twuce, 50,000 will be 
sick three times, and 20,000 will be sick four times or more It is during the 
years that illness occurs or multiple illnesses occui that the burden is thrown 
upon those wffio have modest incomes 

The present difficulty is not primarily the fault of the medical profession 
because, as shown by the average income of physicians, the high cost of 
medical caie is not due to excessive earnings by the profession Although 
w r e of the profession are not directly responsible for the hardship resulting 
from increased medical costs, we should not deny that a need for a con- 
structive plan exists and should actively support or institute such a plan 
The proponents of fedeial medicine have justification in their arguments 
that a change in medical piactice is necessary It is my belief that organized 
medicine has been derelict m not assuming its proper leadership by not 
fostering a national plan for medical caie We should accept the admonition 
of the disciple Luke “Physician, heal thyself” (Luke 4 23) No longer 
should we as a profession deny that a change is necessary and to continue 
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arguing that any plan which might be introduced by the Federal Govern- 
ment is undesirable because it would destroy medical practice will continue 
to bring discredit upon the profession because of apparently selfish motives 
On the other hand, unless the medical profession offers a plan which is 
constructive and which will correct the now existing deficiencies, there is 
not only the possibility but also the likelihood that some type of Federal 
Medicine will be adopted Therefore, we physicians should, in the words 
of Milton “Awake, arise, or be forever fallen” (Paradise Lost) Since 
socialization of medicine alieady exists and since it is evident that the 
proponents of Fedeial medicine have justification in then arguments that 
a change in medical practice is necessary, the question naturally arises 
whether there should be federalization of medicine, as proposed in the 
Murray- Wagner-Dingell Bill or not Because of the inability of a large 
class of individuals to pay for adequate medical care, it is obvious that some 
plan must be instituted which will provide adequate care foi all individuals 
Can this be accomplished without federalization of medicine with its bu- 
reaucracies, wastefulness, and inefficiencies ? Is it possible to permit 
budgeting for illness, because illness cannot ordinarily be budgeted in the 
way that other expenditures can and can this be done effectively or efficiently ? 
The budgeting for illness could be accomplished by means of some form of 
prepayment plan for medical care At the present time, there are in force in 
the United States a number of such plans, but which unfortunately are limited 
to certain states The value of budgeting for illness is exemplified by the 
benefits which have been derived from the Blue Cross Plan which permits 
prepayment for hospitalization Before the introduction of this plan, which 
at the present time has approximately 16,000,000 subscribes, the high cost 
of hospitalization was prohibitive to a great many persons with moderate 
incomes Now with the prepayment plan for hospitalization this part of 
medical care no longer represents a hardship Although the Blue Cross 
Plan does not apply to medical caie aside from hospitalization, it has been 
valuable in relieving medical costs, because by being relieved of the burden 
of paying the hospital, one is better able to pay his physician In this way 
the physician has also profited It is probable that the most practical plan 
would be one which would not cover all illnesses because certainly the cost of 
occasional minor illness is no great hardship even to the individual with a 
small income, but the cost of a major illness represents a real difficulty This 
plan could be offered much more cheaply than one that is all inclusive just 
as an automobile collision policy with a fifty dollar deductible clause is much 
cheaper than a complete coverage policy In a survey made by the Opinion 
Research Corporation 10 it was found that of the 63 per cent of people who 
thought that something could be done about making it easier to pay for 
illness, only 5 per cent wanted it to apply to the ordinary doctor bills Although 
there are many plans operating in a number of states in the United States 
and m several foreign countries, there is no national plan providing medical 
care in the United States The state plans apparently have been very suc- 

392 



volume 121 
Number i 


WHITHER ANON 


cessful It is difficult to understand why such an obvious need should not 
be sponsored on a nationwide basis There are many prepayment plans for 
medical care in opeiation throughout the United States but at the present time, 
according to McCann, 11 there are no state piograms that sell complete 
medical care 

As long ago as 1934, the American College of Surgeons recognized the 
need for some program to decrease the financial burden of illnesses m 
persons with moderate incomes On June 10, of that year, the Board of 
Regents of the College of Suigeons accepted the report of their Medical 
Service Boaid 12 which had studied the problem extensively The following 
are excerpts from this report “The American College of Surgeons affirms 
its interest and its desne to cooperate with other agencies looking toward 
the provision of more adequate medical service to the w'hole community 
The College believes that it is its duty to the medical profession to assume 
leadership in this movement and to take control of all measures directed to 
this end The College lecogmzes for immediate study four groups of the 
population for wffiom more adequate medical service should be made avail- 
able as follows (a) the mdigents , (b) the uneducated and credulous mem- 
bers of the community , (c) those wdio because of limited resources are unable, 
unaided, to meet the cost of serious illness and hospitalization, and (d) those 
living m remote districts wheie adequate medical care is not obtainable The 
American College of Surgeons recognizes the periodic prepayment plan pro- 
viding for the cost of medical caie of illness and injury of individuals and of 
families of moderate means ofteis a reasonable expectation of providing 
them with more effective methods of securing adequate medical service ” 
Unfortunately, these recommendations were not only not accepted by the 
profession generally, but were actually opposed Had the suggestions made 
by this body been put into operation on a nationwide basis, I believe that 
the problem of inadequate medical care would have been solved by this 
time The National Physicians Committee for the Extension of Medical 
Service has done and is doing a great deal m emphasizing the need foi 
plans to make payment for illness easier, as evidenced by their statement 
of policy “Steps must be taken to make available to the indigent and low 
income groups the most effective medicine, medical practice and hospitaliza- 
tion that can be provided and generally provide the widest possible distri- 
bution of the most effective methods and equipment m medicine and 
surgery” 10 Unquestionably their ideas are sound and their program should 
be supported because it is the one body which has attempted to formulate 
a constructive plan 

In the interest of the patient, the oiganization and administration of 
the plans for periodic prepayment of medical and hospital costs must be 
under the control of the medical profession The medical profession must 
act in conjunction with the hospitals and such other allied services as may 
be involved m the project, together with groups of representative citizens 
and of industry who are interested in the successful operation of the plan 
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It would be extremely undesirable for the program to be controlled by the 
government, because the character of the medicine practiced would be 
definitely inferior, much more expensive, and less efficient 

The principle of free choice of physician and hospital by the patient 
must be assured to the end that the responsibility of the individual physician 
to the individual patient will always be maintained The plans which have 
been introduced throughout the United States have been almost entirely 
voluntary, and it is the consensus that voluntary prepayment as practiced 
by the Blue Cross Hospital Program is preferable Rhode Island is the only 
state m which there is compulsory insurance 13 However, this has been in 
operation only a j'ear, having completed its fiist year on April I, 1944, 
and the progiam is for cash disability benefits and does not include medical 
service or payment for such service 

In this cursory outline of the problems facing our piofession toda}% I 
sincerely hope that I have been able to convince you of the necessity for 
providing more places for specialty training in the immediate post-war 
period and even more important, the exigency of formulating and putting 
into operation a nationwide prepayment plan for medical care We must 
no longer maintain the ostrich-like attitude that there is no need for a change 
m medical practice and not only not oppose constructive programs but actually 
formulate and promote a plan which, by peimittmg periodic prepayment, 
will remove the curse from illness for the masses of people whose income at 
the present time does not allow adequate medical care The promulgation 
of a constructive plan by the profession on a nationwide basis will reasonably 
assure the defeat of those measures which provide for federal medicine 
with its bureaucracies, inefficiencies, and inadequacies 
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TREATMENT OF CARCINOMA OF THE COLON* 
Frederick A Coller, M D , and Herbert H Vaughan, M D 

Ank Arbor, Mictt 

FROM THF DEPARTMENT OF SURGERY, UNIVFRSITY OF MICHIGAN MrDICAL SCHOOL ANN ARBOR MICHIGAN 

Operative treatment of lesions of the colon has piesented the surgeon 
with many difficult problems m technic since it concerns an organ whose 
continuation of function is necessary to nutrition and life, an organ filled with 
pathogenic bactei la, and one in which anatomic pecuhai lties make for operative 
difficulties Many opeiations have been devised and popularized to meet and 
oveicome these difficulties The lustoiical aspect of the bold and ingenious 
methods of treatment have been piesented so veil by many writers on the 
subject that we will only acknowledge oui debt to them and lefram from 
further mention There is not as yet, and probably never can be, a standardized 
method of caring for such lesions since they vai y greatly m size and metastatic 
spread, and develop in patients who also may have a myriad of complications 
and associated diseases Many smgeons have repoited the results of their 
treatment of lesions in this organ, but the total number of patients treated 
under varying conditions of disease and type of operation is still too small 
to be statistically convincing Progiess will come with the summation of the 
experience of all working in this field In order to contribute to the final total 
we are reporting here obseivations on the tieatment of T73 patients with 
carcinoma of the colon proximal to the rectosigmoid junction, managed in 
the University Hospital between January 1, 1940, and September 1, 1944 
Our purpose in leviewmg this series was to evaluate our results in the tieat- 
ment of carcinoma of the colon at the time when we were attempting to utilize 
primary end-to-end anastomosis, insofar as this method seemed safe and 
feasible This communication will not concern itself with end-results, but will 
be confined to a discussion of the immediate results of operative treatment 
of the patients entering the University Hospital primarily for relief of their 
diseases The end-results will be presented later 

These patients include all cases treated by the permanent and resident 
staff The operations weie performed by fourteen different surgeons, most 
of them, however, were perfoimed by the senior surgeons 

Table I 

SITE or CARCINOMA Or COLON EXCLUS1A L OF LESIONS OT RECTOSIGMOID 
TREATED FROM JANUARA 1940 TO SEPTEMBER 1944 


Right colon cecum ascending colon and hepatic flexure 60 

Transverse colon 21 

Splenic flexure 9 

Descending colon t 13 

Sigmoid colon 70 

Total cases 173 


♦Read before the Fiftj -sixth Annual Session, Southern Surgical Association, 
December 5-7, I944> Hot Springs, Va 
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In Table I, is shown the site of origin of the cancer in relation to the part 
of the colon involved by the primary lesion These figures only confirm the 
observations of many others and present no subject for comment 

Table II 


TREATMENT OT CARCINOMA OF THE RIGHT COI ON AND HEPATIC FLEXURE 


Palliative (nonresectable lesions) 

Number 

Deaths 

Mortality 

Ileotransverse colostomies 

Open anastomosis 

4 

3 

23 0% 

Closed anastomosis 

9 



Total 

13 

3 

23 0% 

Resectable lesions 




One stage right colectomies 

Two stage right colectomies 
ll) Ileotransverse colostomy 

6 

0 

0 

Open anastomosis 

22 



Closed anastomosis 

18 



(2) Right colectomy 

40 

1 

2 3% 

Obstructive resection 

1 

0 

0 

Total resectable lesions right colon 

47 

I 

2 15% 

Total 

60 

4 

6 6% 


In Table II, is shown an analysis of patients presenting themselves with 
carcinomas of the right colon They are divided into tv\o groups first, those 
in which the lesion was not resectable or in whom resection was not worth 
while because of extensive metastases , and, second, those m whom the lesion 
was resectable In the latter group the primary lesion was resectable but it 
also includes many patients with metastases or distant spread in whom 
resection was clearly only a palliative measure Resection was always effected 
if it was thought that cure might result and also when it was felt that it would 
add to the comfort and longevity of the patient even though cure would not 
be possible because of the presence of metastases Since studies on lymphatic 
spread of carcinoma (Coller, Kay and MacIntyre 1 ) show that lesions in the 
cecum, ascending colon, hepatic flexure and m the right transverse colon may 
spiead in a retrograde fashion to involve lymph nodes in the ileocecal angle, 
we carry out excision of the right colon including the lower ileum to the 
midtransverse colon in lesions lying between these points This insures a 
lemoval of the maximal area of nodal involvement 

Sixty patients with cancers of the right colon were treated In 13 of 
them palliative side-tracking operations, ileotransverse colostomies were ear- 
ned out Resection of the primary lesion was impossible or was unwise 
because of massive metastases to the liver m eight patients and widespread 
peritoneal involvement in five Combinations of these spreads were present 
Three of these patients died while in the hospital, two were deeply jaundiced, 
with extensive liver metastases, one died on the seventh postoperative dat 
and the other 21 da) s following the operation A third patient with extensive 
liver and pentoneal metastases died of pneumonia seven days following opera- 
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tion There was no evidence of peritonitis in any of them but we can onl) 
assume that there was no disruption of the anastomosis since autopsy was 
not obtained Ten others left the hospital in an average of 17 days following 
side-tracking of the primary lesion All patients in this group were beyond 
the hopes of cure by any surgical attack 

In 47 patients the lesion was resected In six patients it was carried out 
in one stage with closed method of anastomosis, without event In 40 patients 
the lesion was resected by the two-stage procedure which we have felt is the 
safest one since the study of our results in such cases by Ransom in 1939 2 
In 22 patients the preliminary end-to-side lleotransverse colostomy was per- 
formed by the open method and in 18 by the “aseptic” method None of 
these patients died following this preliminary operation Right colectomy 
was carried out as a secondary operation following the preliminary anastomosis 
One patient died following a second-stage right colectomy of a duodenal 
fistula on the 43rd postoperative day The pi unary lesion was an extensive 
one involving the adjacent retroperitoneal structures and duodenum Post- 
mortem examination showed a duodenal fistula with carcinomatous involve- 
ment of the retroperitoneal structures, the liver, peritoneum and duodenum, 
a lesion hopeless for surgical excision One obstructive resection was carried 
out for a lesion in the hepatic flexure The mortality for resection in this 
series is 2 15 per cent, in contrast to our mortality in 1939 as reported by 
Ransom as 20 per cent As noted, the single operative death following right 
colectomy was m the instance of an incurable lesion There were no deaths 
m patients m whom cure might be hoped for The total hospital mortaht) 
for all patients with carcinoma of the right colon both hopeless and resectable 
was 6 6 per cent 

There are several different methods of surgical approach to the problem 
of right colectomy for carcinoma Lahey, et al 3 advise exteriorization of 
the colon and ileum following resection w ith subsequent closure of the stomas 
Whipple 4 urges the importance of the routine use of the Miller-Abbott tube 
near the site of the anastomosis following a one-step resection Mayo r> advo- 
cates the one-stage resection All of these methods have importantly reduced 
the mortality in the hands of their advocates We realize the importance of 
flexibility and individualization of surgical procedure but further personal 
experience has served only to satisfy us w ith the two-stage operation 111 most 
cases of cancer of the right colon, as described by Ransom in a study of 
carcinoma of the right colon Small lesions maj be resected in one stage by 
the experienced operator, with brilliant results If the lesion is fixed, infected 
or extensive, requiting wade dissection with removal of the mesocolon and 
the abdominal wall, this emphasizes the value of the two-stage operation 
There are two phases to the treatment, one, restoration of the continuity of 
the gastro-mtestmal tract, and two, an extensive mtraperitoneal dissection 
with associated widespread traumatic peritonitis If anastomosis of small to 
large bow el is made at the same time as the extensive resection, the fate of the 
function of the anastomosis is dependent upon the anastomosis plus the asso- 
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ciated traumatic peritonitis Intra-ileal decompression certainly is necessary 
and indicated under these circumstances We feel that with a pieliminary 
anastomosis carried out under a controlled technic, either the open or closed 
method, with quick lestoiation of the function of the bowel through the new 
channel, ileus and its concomitant symptoms aie reduced to a minimum We 
have larely been obliged to decompiess the small intestine following lleo- 
transverse colostomy When this anastomosis functions, the right colectomy 
can be carried out with its associated traumatic peritonitis without marked 
interference with the function of the gastro-mtestinal tract Stage operations 
have drawbacks, since each stage carries the dangers of any operation, but 
oui experience causes us to continue to adhere to this procedure in this instance 
foi the reasons given The use of the transverse incision and early mobiliza- 
tion of patients has cut down the hospitalization time with this two-stage 
procedure until the time element is no longer an argument against it We have 
been impressed with the importance of the transverse incision and this 
appioach is now routine m our clinic, in both right and left colectomy It 
will be discussed later m this paper 


Table 111 


TREATMLNT Or CARCINOMA OF THE TRANSVERSE COION 


1 Palliative 

Number 

Deaths 

Mortality 

Celiotomy and peritoneal drainage 

1 

1 

100% 

Cecostomy with peritoneal drainage 

1 

1 

100% 

Total 

2 

2 

100% 

2 Resectable lesions 




Primary end to end anastomosis 

11 



Open anastomosis 

2 



Closed anastomosis 

9 * 

1 

11% 

Obstructive resections with partial 

resection 



stomach and jejunum 

4 

2 

50% 

Complementary cecostomies 

8 



Prchminarj cecostomy 

1 



Two stage right colectomies 

4 

0 

0% 

Open anastomosis 

3 



Closed anastomisis 

1 

0 

0% 


19 

3 

IS 8% 

Total 

21 

5 

23 8% 


Carcinoma of the transverse colon frequently involves adjacent organs 
especially the stomach and jejunum and offers more difficult problems for 
surgical eradication Table III, sums up the results m the treatment of 21 
such lesions Some lesions involving the right transverse colon were grouped 
with the lesions of the right colon as previously discussed Two patients 
wutli an obstructing lesion of the transverse colon wei e admitted with perfora- 
tion of the cecum and widespread peritonitis They w'ere treated by celiotomy 
with drainage and cecostomy, with death in both cases Of the resectable 
lesions, ten w'ere treated by excision and end-to-end anastomosis by open or 
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closed methods There was one death m this group following resection of 
the putnary lesion, with a partial gastrectomy and resection of the involved 
jejunum This patient died from shock on the second postoperative day 
In four other patients extensive resections of the colon, stomach and jejunum 
weie carried out for widespread carcinomatous involvement, with exterioriza- 
tion of the ends of the colon Two of these patients died, one oh the tenth 
postoperative day of peritonitis, and a second on the first postoperative day 
of myocardial infarction In four patients with a lesion m the midtransverse 
colon, two-stage operations were carried out in the right colon without 
mortality The mortality following resection of lesions of the transverse 
colon was 158 per cent, and the total mortality, including two patients with 
general peritonitis fi om perforation, was 23 8 per cent The deaths from 
resection were all m patients with wide spread lesions involving adjacent 
organs m whom extensive resections of stomach and jejunum were carried 
out and in whom the hope of cure was slight 


Table IV 


TREATMENT OF 

CARCINOMA OF THE SPLENIC FLEXURE 


End-to end anastomosis 

Number 

Deaths 

Mortality 

Closed 

4 

0 

0% 

Open 

1 

0 

0% 

Cecostomy 




Preliminary 

1 



Complementary’ 

4 



Obstructive resections 

4 

1 

25% 

Total 

9 

1 

11 11% 


The splenic flexure off ei s great operative difficulties because of the intimate 
relation of the lesion with the stomach and spleen As shown m Table IV, 
there were nine patients with lesions at this site Five of them vteie treated 
by resection with end-to-end anastomosis, without mortality 

Four patients were treated by resection of the obstructive type, one of 
whom died This patient had a large lesion involving the jejunum, with 
perforation and abscess formation The splenic flexure and a poition of 
the jejunum were resected and the abscess cavity drained, a hopeless case 
in which gross carcinoma was present on the peritoneum and m the deep 
mesenteric nodes beyond the reach of removal, he died of operative shock 
on the first postoperative day The mortality following resection of carcinoma 
in this segment of colon was 11 11 per cent The one death was a patient 
with a hopelessly far advanced carcinoma 

In Table V, is shown the results of treatment of 13 patients with lesions of 
the descending colon , nine were treated by resection with primary anastomosis 
and four by resection of the obstructive type There were no hospital deaths 
In most of these patients the splenic flexure was removed and an anastomosis 
was made between the transveise and the lower portion of the descending 
colon or with the upper end of the sigmoid colon 
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Table V 

TREATMENT OF CARCINOMA OF THE DESCENDING COLON 


End to-end anastomos s 

Number 

Deaths 

Mortality 

Closed 

6 

0 

0% 

Open 

3 

0 

0% 

Preliminary cecostomy or colostomy 

4 



Complementary cecostomy 

5 



Obstructive resections 

4 

0 

0% 

Total 

13 

0 

0% 

Table VI 




TREATMENT OF CARCINOMA OF 

THE SIGMOID COLON 


1 Palliative tnonresectable lesions) 

Number 

Deaths 

Mortality 

Celiotomy — only 

1 

0 

0 

Celiotomy with colostomj 

11 

1 

9 9% 

Cecostomy — peritonitis 

1 

1 

100% 

Total 

13 

2 

IS 4% 

2 Resectable lesions 




End to end anastomosis 

51 



Closed 

30 

0 

0 

Open 

21 

1 

4 7% 

Obstructive resections 

6 

0 

0 


57 

1 

1 8% 

Total 

70 

3 

4 2% 

Preliminary cecostomy 

12 



Preliminary colostomy 

8 



Complementary cecostomy 

31 



No decompression 

6 




In Table VI, is shown an analysis of the patients presenting lesions of 
the sigmoid colon exclusive of lesions involving the rectum or the recto- 
sigmoid junction There were 70 patients of whom 13 were nonresectable 
In one of the 13 patients cecostomy was performed for symptomatic relief 
of obstruction, however, he succumbed to peritonitis already present as a result 
of perforation Celiotomy alone was carried out in one patient with a frozen 
pelvis and extensive peritoneal and hepatic metastases In the remaining 11 
cases, celiotomy with colostomy was performed Resection was impossible 
or deemed not worth while m seven of the 11 patients because of extensive 
hepatic metastases, and widespread peritoneal involvement, and in four 
patients, because of a fixed lesion in the pelvis in addition to extensive perito- 
neal metastases Pulmonary embolism was the cause of one death following 
colostomy In the treatment of these hopeless lesions, the mortality rate was 
154 per cent 

In 57 patients of this group, the lesions were resected by the aseptic 
method in 30, by the open method m 21 and by obstructive methods in six 
In 32 patients there was no gross evidence of any spread of the disease and 
cure can be hoped for In 21 patients there was gross evidence of the presence 
of unremovable cancer and the resection could only be palliative in effect 
Of these, 13 had hepatic metastases, six presented peritoneal spread and 111 
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two the lesion imolved the bladder The involved area of the bladder was 
lesected but recurrence was Considered piobable Multiple lesions of the 
hovel weie encounteied m six patients in whom segments of the ileum were 
lesected and lestoiation effected by end-to-end anastomoses In two patients 
two separate carcinomas of the colon were encounteied, both being resected 
and continuity restored by the aseptic end-to-end method It is of interest 
to note that m six patients with extensive local and peritoneal involvement, 
resection of the obstructing lesion was carried out and the anastomosis was 
made between bowel ends, the peritoneal surfaces of which were invaded by 
carcinoma, all united without event In the 57 patients upon whom resection 
of a primary lesion was performed there was one death, a mortality of 1 8 
per cent This patient died of peritonitis due to the employment of an unwise 
technical method A rubber tube was placed in the descending colon some 
inches above the site of- anastomosis for purposes of decompression The 
tube was pulled out by the patient with resultant fecal spread and peritonitis 
A cecostomy would have been preferable and probably would have obviated 
the complication 


Table VII 

SUMMARY OF THE MANAGEMENT OF CARCINOMA OF THE COLON AND MORTALITY 

Number Per Cent 

145 83 8 

28 16 2 


20 

13 

33 19 1 

112 64 7 


Resection mortality 4 1 

Over-all mortality 7 5 

In Table VII is presented a summary of the management of the car- 
cinomas of the colon Twenty-eight patients, or 162 per cent, presented 
lesions in which resection was impossible or deemed not worth while 
because of the extensive spread of the lesion In 145, or 83 8 per cent, 
the primary lesion was resected In 33 patients, or 19 1 per cent of 
those resected, there was present gross carcinoma other than the primary 
lesion which was beyond the reach of surgical excision Among these, 
20 patients had hepatic metastases and m 13, there was extensive peri- 
toneal spread Thus, resection in this group can be only palliative in 
effect In 112 patients, or 647 per cent, resection was carried out m 
patients in whom there was hope for cure Lymph node involvement 
was of course present m many of this group Exact studies of the extent 
of nodal metastases were not carried out and because gross methods of 
detei mining their presence are inaccurate their incidence is not definitely 
known Pievious studies by Coller, Kay and MacIntyre 1 showed mvolve- 
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Lesions not resectable 
Palliative operation 

Of lesions resected 

(a) Other gross carcinoma — irremovable 

(1) Liver metastases 

(2) Peritoneal carcinomatosis 


(b) Gross carcinoma removed — with cure possible 
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merit of 62 5 pei cent of nodes in resected carcinomas of the right colon 
and 60 per cent in nodes in resected carcinomas of the left colon These 
findings are probably essentially applicable to the lesions here presented 
The ovei-all hospital mortality for the entile group of 173 patients pre- 
senting themselves foi treatment is 7 5 pei cent The mortality in patients 
in whom resection was carried out was 4 1 per cent To summarize the 
causes of death, foui occurred in patients having extensive resection of 
transverse colon or splenic flexure with stomach and jejunum in an attempt 
to remove widespread carcinoma, one occuried from a duodenal fistula 
following right colectomy, autopsy proving the presence of unremovable 
cancer Had these patients survived, their hope for cure would have been 
exceedingly small One patient died of sequelae following injudicious 
selection of operative method Thus, among the patients in whom cuie 
might be effected there was in reality only one death due to faulty technic 
presenting a mortality rate of o 89 per cent 

These observations emphasize the fact that the surgical tieatment of 
carcinoma of the colon susceptible to surgical eiadication is much better 
than is our ability to get patients for treatment at a time when the lesion 
is removable The outstanding need for better results is earlier diagnosis 
The mortality of surgical treatment in patients with cancer of the colon when 
the lesion is localized is low Surgical treatment of lesions that have spread 
from the primary source carries a higher mortality and small hope of cure 

Comment — For many years we employed exteriorization opeiations in 
our clinic, fust the Mikulicz procedure, then the Rankin obstructive re- 
section with far bettei results These procedures minimized the danger 
of peritonitis but they were maried by a multiplicity of operations, a long 
hospital stay, fecal drainage, infected wounds, and weak scars Because of 
our dissatisfaction with these factors, we decided to attempt a more extensive 
use of primary anastomosis In the treatment of carcinomas of the colon 
in this series, we have endeavored to pei form resection with primary 
anastomosis whenever feasible The question whether to perform a closed 
or open anastomosis confronts the surgeon In this series we have used the 
open methods in 52 patients and the closed or aseptic method in 68 patients 
The aseptic method has become increasingly more populai with our surgeons 
It is felt that both methods aie satisfactory, peritonitis is unlikely to occur 
from any local contamination of the peritoneum attendant upon the open 
anastomosis Generalized peritonitis occurs from persistent leak of an 
anastomosis, severe wound infection or as a lesult of contamination by rare 
vnulent organisms The striking point of difference between the two 
methods is not that peritonitis is more apt to occur with one method or the 
other, but that with any open anastomosis there is a high risk of contamination 
of the abdominal wall with an increased risk of infection at that place 
The peritoneum wall withstand infection much better than will the abdom- 
inal w all 

In 1939, Coller and Valid 3 presented before this Association the use of 
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delayed closuie of abdominal rounds that w ere contaminated by the con- 
tents of the gastro-mtestmal tract Pemberton and Black, 7 and A W 
Allen 8 since, have repoited favorably upon the use of this method In Figure 
i, is illustrated the dela\ed closure of the transverse abdominal wound 


/ 



Fig i — Delaied closure of skin and panmculus of a trans\crse abdominal incision 
Showing gauze in place, which is renioied and sutures tied in 48 hours 

The peiitoneum and fascia are closed m separate lajeis Gauze is placed in 
contact with the subcutaneous tissues It is removed in 48 houis and the 
wound appioximated by tying the sutures We have continued to use 
delayed closure of the abdominal wound whenever open anastomosis has 
been used, whenever there has been gross soiling from the gastro-mtestmal 
tract, and in closure of colostomies or othei fistulous openings m the gastro- 
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intestinal tract with satisfactory results In Table VIII, the results of 
delayed closure of contaminated wounds occurring in this series are shown 
There was a resultant infection in 8 4 per cent but these were all minimal 
and did not lead to dehiscence of the wound or piolonged healing The 
method has justified itself in our hands The chief point in favor of an 
aseptic form of anastomosis is that the wound may be closed primarily, 

Table VIII 

INCIDENCE OF WOUND INFECTION USING THE DELAYED TYPE OF CLOSURE 
WHICH WAS USED ONLY IN GROSSLY CONTAMINATED WOUNDS 

1 Delayed Closure — 71 

(a) With infection 6 

(b) Without infection 65 

Per cent of infection 8 4 

if the open method is used, one should assume that the wound in the 
abdominal wall is contaminated and delayed closuie should be employed 
In performing the closed type of anastomosis we have used clamps with a 
narrow blade, employing an outer layer of silk mattress sutures and an 
inner suture of fine catgut inserted by the Cushing right-angle method 
Clamps are applied at a right angle, unless there is a discrepancy in the 
size of the lumen of the two segments The bowel wall must have an 
adequate blood supply and be appi oximately normal in its histologic state 
if primary suture is carried out, tension must never be present, the bowel 
is never dissected from its appendages or mesentery in order to secure 
cleared serosa for approximation The peritoneum covering the mesentery 
and the appendages will unite when approximated if the blood supply is 
undisturbed The anastomosis is supported by peritoneal flaps and the 
omentum whenever possible 

In the closure of colostomies we have abandoned the use of crushing 
clamps applied to spurs The colostomy is freed from the abdominal wall, 
an appropriate end-to-end anastomosis is made and the abdominal wall is 
closed by the delayed method We have had no misad\ entures from the 
use of this method It appears to us safer, simpler and time-saving as com- 
pared to other methods Obstructive resection still has an important place in 
the treatment of carcinoma of the colon when the bowel, due to infection, 
obstruction or associated lesions, is not suitable for primary anastomosis, but 
to employ it routinely for fear of contamination of the peritoneum at the 
time of resection is not justified by this expenence 

Stenosis of the bowel may occur following the contraction of the scar 
of a primary anastomosis In three patients in this series this did eventuate 
a year or more after operation as shown by roentgenologic studies In one 
instance a secondary resection was carried out with restoration of continuity 
by primary anastomosis, no carcinoma was found and the narrowing of 
the lumen was undoubtedly due to scar In two other cases the narrowing 
in the transverse colon has remained unchanged and without symptoms for 
two years 
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Preoperative decompression is employed whenever obstruction is present 
This is common in patients with lesions of the transveise or left colon 
Of the patients with resectable lesions of the entire colon, 26 had preliminary 
decompression Of these, nine had colostomies and 17 had cecostomies 
If rapid relief from distention is desired, cecostomy is performed, if it 



B 

tiG 2 — (A) Incision used for right colectonij Lxternal mid internal oblique muscles split in 
direction of its fibers Left healed transierse scar used for ileotrans\ erse colostomj 
(B) Tr^nsversalis muscle split in direction of its fibers and rectus muscle cross cut in part or in whole 

depending upon exposure needed 

is thought that the colon is filled with solid contents and evacuation will be 
difficult and if the colon is not greatly distended a colostomy is carried out 
We do not routinely defunctionalize the left colon by transverse colostomy 
before performing end-to-end anastomosis m that organ In those cases 
in which obstruction was not present and upon a\ horn resection with end- 
to-end anastomosis was carried out, a complementary cecostomy was per- 
formed m all but six patients and a cecostomy was performed following 
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operation on one of these because of distension Cecostomy or colostomy 
before operation is necessary m obstructing lesions , complementary cecostomy 
adds to the comfort of the patient and is a worth while safeguard The type 
of cecostomy performed is a slight modification of the Hendon enterostomy or 
an appendicostomy Lai ge tubes are not employed The incision m the 
abdominal wall is of the muscle-splitting type placed laterally just above and 
slightly medial to the right anterior superior spine The great majority 
of these closed spontaneously within a short time following removal of the 
catheter It is a minor safeguard 

We have employed with increasing frequency, transverse incisions m 
the abdominal wall for operations on the colon until it has now become a 
routine The level of the incision is varied to meet the site and situation 
of the lesion In Figure 2 is illustrated the method used The rectus 
sheath is cut across and a part or all of the rectus muscle is cut perpendicular 
to its fibers and the flat abdominal muscles are split m the direction of 
their fibers This incision gives ready access to the right or left gutter 
and the colon This incision lends itself well to obstructive resection as 
the bowel ends can be brought through the outer angle of the wound 
without tumoi, giving excellent exposure for primary anastomosis De- 
hiscence of this type of wound has not occurred Should infection super- 
vene, the wound does not tend to separate, small intestine does not become 
adheient to such a wound as it may in those made longitudinally The 
wound is more comfortable We have practiced early rising following 
operation in patients in which obstruction or infection is absent, routinely, 
having them get out of bed on the day following operation It is our belief 
that this maneuver shortens convalescence and adds to the comfort of the 
patient Without endeavoring to present heie statistically the advantages, 
one can say that the abolition of the catheter and bedpan from the post- 
operative period makes it popular with the patients and alone justifies 
the method 

The sulfa drugs were used locally and generally m a few r patients treated 
in the early cases of the series They have not been used locally in 
any cases operated upon since July, 1940, and they have been used generally 
only in those patients with peritoneal, urinary or pulmonary infection 

Sulfaguanidine and sulfasuxidme were used as a preoperative measure 
111 a few cases but they have not been used as a routine From previous 
experience we feel that the local peritoneal use of the sulfa drugs is 
unnecessary The deliberate failure to use any of these chemicals is not an 
indictment against them but it is felt that the eventual valuation of their 
utility wall be aided by providing a series of patients treated without 
their use as a series of controls In no case w'as vaccination of the peri- 
toneum by any method carried out 

In Table IX, is shown the average number of postoperative days of 
hospitalization following the different types of treatment The number 
of patients m each group is not large enough to make these figures more 
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than roughly indicative of the facts Hospitalization of patients with closed 
anastomosis was shorter than of those with the open type of anastomosis 
This was due to a greater incidence of -wound infection following the open 
anastomosis Even with the delayed method of closure there occurred 8 5 
per cent of -wound infection that prolonged the hospitalization The average 
hospitalization time for patients with open anastomosis was lengthened by 
a prolonged hospital stay of tlnee patients with severe wound infection in 

Table IX 

SHOWING AVERAGE POSTOPERATIVE HOSPITAL STA\ WITH VARIOUS T\ PES OF 
SURGICAL PROCEDURES FOR CARCINOMA OF THE COLON 


End-to-end anastomosis — closed 16 3 days 

End-to end anastomosis — open 26 7 days 

Obstructive resections 60 9 days 

One-stage right colectomies 14 0 days 

Two-stage right colectomies 18 0 days 

Palliative (nonresectable) lesions 20 5 days 


which delayed closure was not employed The contrast between hospital- 
ization time of patients with obstructive resections and those with direct 
anastomosis is striking In determining hospital stay for patients with 
obstructive resection, we have included the time of the second entry foi 
closure of the colostom} The diffeience m hospital stay between the one- 
and two-stage right colectowi) is not sti iking and the slightly longer hospital 
stay of patients with the two-stage operation is not an impoitant ciiticism 
of it The length of hospitalization before operation was not tabulated as 
it varies so much wnth conditions of disease and its complications The 
utmost importance of careful and thorough preparation of patients foi 
operation has been so well and frequently discussed that the details need 
not be further emphasized Suffice it to say that decompression of the bow r el 
must be complete, the patient’s nutritional deficiencies overcome, insofar as is 
possible and anemia coirected by transfusion, thus making the preoperative 
time element entirely dependent upon preparation 

SUMMARY 

A senes of 173 patients with carcinoma of the colon treated by operation 
is reported 

Of these lesions 162 per cent presented lesions beyond the reach of 
resection and for whom only palliative operations could be carried out Re- 
section of the primary lesion w f as undertaken on 83 8 per cent of the patients 
Of the patients upon whom lesection was carried out 19 per cent had other 
gross metastases in the liver 01 peritoneum that w r ere beyond surgical re- 
moval Therefore, the resections 111 this group w r ere palliative m nature 

In 1 12 patients, or 647 per cent, resection was undertaken without evi- 
dence of gross carcinomatous spread beyond the l>mph nodes, in these 
cure might be hoped for Death occurred in onl) one patient m the group 
m which there was a chance of operative cure Deaths occurred from ad- 
vanced disease or following operative attempts to remove widespread 
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disease Surgical treatment of carcinoma of the colon will be further 
advanced by earlier diagnosis of the disease Surgical methods must be 
individualized to meet the varying conditions of disease 

Primary resection with end-to-end anastomosis is feasible m many patients 
and offers many advantages A complementary cecostomy is a wise safe- 
guard if a proximal vent has not been previously established Open or 
closed types of anastomosis are equally suitable without fear of peritonitis 
unless the anastomosis breaks down The abdominal wall is often con- 
taminated during the operation of open anastomosis and wound infection is 
greater than with aseptic methods of union When the abdominal wall 
is contaminated, delayed closure of it minimizes the chance and degree of 
infection The value of the transverse incision is mentioned None of the 
sulfa drugs were employed routinely and this series may be used as a control 
m future evaluation of methods of treatment 

Improvement in the results of surgical treatment of caicinoma of the 
colon will come largely from earlier recognition of the disease 
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Discussion — Dr Alberi O Singleton, Galveston, Texas We appreciate the able 
presentation of this subject by Doctor Coller His success is quite notable Only a 
few years ago one was considered to be breaking a cardinal rule of intestinal surgery 
if he resected any part of the left half of the colon in a one-stage operation At the 
present time resections and end-to-end anastomoses of the bowel are done with apparent 
great safety, with a lower mortality and a great saving of time for the patient The 
excellent results which are being secured with this type of procedure arc not necessarily 
due to the new drugs, such as the sulfonamides, as claimed by some, but to the application 
of new principles during the last decade These princinles consist of first, a proper 
regard for the circulation of the bowel with careful approximation of viable tissues, 
preferably with a closed type of anastomosis, second, putting the alimentary tract at 
complete rest for a period of days subsequent to resection by the use of gastric suction 
which, if properly used, prevents gaseous distention , and, third, proper care of the 
patient’s fluid balance, electrolytes and food requirements, including glucose and proteids 
administered parenterally 

I also agree with Doctor Coller in his stressing the importance of proper regard 
for the abdominal wall, with reference not onh to infection but more particularly to 
anatomic incisions We have not found it necessary withm the last few years to 
use a proximal enterostomy for decompression but depend entirely upon gastic suction 
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Dr Frank P Strickuik, Louisville, Ky It is certainly a good break for the 
patient and surgeon when a primary anastomosis of the large bowel can be done, but 
m a fairly large experience with this type of surgeiy, how often does this situation 
present itself ? No suture line is better than the blood supply to the part I do not 
believe that colon cases should be permitted out of bed in 48 hours Why ruin a good 
operation with bad judgment? The colon does not heal that fast 

I do not know positively how much good the sulfa drugs do m colon surgery, 
but, to date, I see no teason fot not using them We at least know that properly given 
they do no harm, so I will continue to use sulfa drugs in my colon surgery The patient 
deserves every safety factor available 

We are deeply indebted to Doctor Lahey for his resection of the right colon This 
operation has many applications I have used it for extensive gunshot wounds, intus- 
susception, regional ileitis, as well as malignancy I know that some surgeons object 
to this operation, but m my hands it has been a life-saver in more than one case The 
operation is performed with no special instruments, it can be done rapidly and with 
\ery little shock I find it a veiy satisfactory and safe operation 

Dr John DeJ Pemberton, Rochester, Minn I enjoyed Doctor Coller’s presenta- 
tion very much but I do feel that sufficient credit is not being paid to chemotherapy 
In the fall of 1939, at the Mayo Clinic, we began using sulfanamide compounds m colon 
surgery in a rather casual mannei, occasionally placing 5 to 10 Gm in the peritoneal 
cavity prior to closure of the wound m cases m which peritonitis was feared because of 
actual or suspected soiling Later, as experience enlarged, we began using them more 
routinely In 1942, following the work of Poth and Firor, succinylsulfathiazole was 
employed routinely as a pieparatory measure Other than the use of chemotherapy, there 
has not been any major change in the management of colonic and rectal carcinoma at 
the Clinic during the past ten years The hospital mortality rate of all patients with 
carcinoma of the colon and rectum during the period 1934 to 1943, inclusive, was com- 
puted on the basis of the number of patients who had been operated upon , that is, 
whether they had a resection, a palliative procedure or only an exploratory operation 
As the graph in Figure 1 reveals, the mortality rate before 1934 varied between 15 
and 20 per cent A slight drop occurred m 1939, the year in which sulfonamide com- 
pounds were first used intermittently, then in 1940 there v'as a precipitous drop to 
around 5 per cent, and the rate has since dropped more During this period of decline 
in the mortality rate, there has been no decline in the rate of resectability but instead, 
as indicated m the graph in Figure 2, there has been an appreciable increase 

The changes that have occurred in surgery of the colon since the introduction of 
chemotherapy have been as spectacular and revolutionary as the changes wrought by 
iodine therapy in surgery of exophthalmic goiter The striking analogy has often 
occurred to me Just as in the pre-iodine era of thyroid surgery the technical perfection 
of the surgical procedure of partial thyroidectomy was no definite assurance that the 
patient would endure the operation (for not infrequently a severe hyperthyroid crisis 
would supervene, resulting m death), so m the prechemotherapy era of colonic surgery 
the technically errorless resection of a segment of intestine was not definite assurance 
that the patient would suivive, for not infrequently infection would spread and produce 
fatal peritonitis The surgeon in both fields, after resorting to refinement of technic 
and other measures, finally learned that the best means of combating the hidden danger 
(acute hyperthyroidism on the one hand and the spread of infection on the other) 
was to divide the operation into stages In both fields the employment of the two-stage 
procedure resulted in great improvement but only partially eliminated the hidden danger 
peculiar to each Thus, it was only after preoperative iodine therapy had been stand- 
ardized that the surgeon could be reasonably assured that, barring some accident, the 
patient with exophthalmic goiter would endure an uncomplicated partial thyroidectomy 
in one stage And, so, m the field of colon surgery, only in recent years, since the 
advent of chemothei apy, could the surgeon be leasonably confident that the patient 
with carcinoma of the colon or rectum would survive an uncomplicated operation for 
resection of the colon 

Dr Frank H Lahet, Boston, Mass Doctoi Coller’s approach to this problem 
of carcinoma of the colon is an excellent one because we need to demonstrate again 
and again what can be done m these cases and what more could be done, if we could 
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get earlier diagnoses If we start at the very beginning, the logical approach to this 
problem of carcinoma of the large bowel is more frequent contrast enemas and more 
frequent good sigmoidoscopic examinations to discover polypi We must find polypi 
more frequently than we do if we really want to approach this problem of cancer of the 
colon and rectum earlier, because polypi are such real precancerous lesions 

I Have repeatedly reported Doctor Swinton’s interesting approach to this problem 
because there is such a lesson in it Before going in the Army he was particularly 
interested in the earlier diagnosis of these cases He took ioo cases of cancer of the right 
colon in the clinic, proven by removal, ioo cases of cancer of the left colon proven by 
removal, and ioo cases of cancer of the rectum proven by removal, and asked, not the 
patient but of the history — “Was there blood in the stooP Was there alteration of 
bowel function and was there pain of an obstructive character The answer was 
“Yes” in all but 2 3 per cent of the cases In other words, in 97 7 per cent of the cases 
the diagnosis, or at least the suspicion of it, was m the history 

I do not wish to consider the technical approach because one can do the same 
radical operation either by the modified Mikulicz procedure or bj primary anastomosis 
It is largely a matter of personal opinion I think you would be much more interested 
in end-results Having recently reported on our end-results at a meeting of the 
Massachusetts Medical Society, I would like to present them to you We have now 
operated upon 1800 patients with carcinomas of the colon and rectum, of these, 70 
per cent were in the rectum and 30 per cent were in the colon The total mortality 
of the entire series, including the earlv cases, was 1025 per cent The mortality 
in the last 5 years for the entire group was 5 per cent The mortality m the 
last two years was 2 7 per cent for carcinoma of the colon and 3 8 per cent for carcinoma 
of the rectum The five-year nonrecurrence rate of the entire group of patients who 
have been submitted to the radical procedure was 50 per cent If we break this group 
down into special groups, it illustrates something that we know and have known quite 
well, that is, it is not the size of the lesion that makes the inoperability , it is particular!} 
the invasion of blood vessels If we take the gioup with no lymphatic metastases, no 
invasion of adjacent organs and no blood vessel invasion, 90 per cent are alive and well 
over five years, with no recurrence , if we take the group with only lymphatic metastases, 
37 per cent are alive and well over five years without recurrence, and if we take the 
group with involvement of other organs, 30 per cent are alive and well over five years 
without recurrence, If we take the group with blood vessel invasion, however, onlj 
14 per cent are alive and well over five years after operation 

It will be of interest to demonstrate by follow-up figures whether or not removal 
of the lesion m the presence of metastases in the liver is worth while The average length 
of life of patients with metastases in the liver without the lesion removed is 14 months, 
while the average length of life of the patient with metastases in the liver and with the 
lesion removed is 25 5 months This demonstrates, it seems to me, quite conclusively 
that, unless the metastases in the liver are extensive, if the lesion is removable it is 
worth while to resect it even though there be metastases in the liver In 9 5 per cent 
of the patients upon whom we have operated thcie have been metastases in the liver 

Medicine and surgery can be proud of, but not satisfied with, the results of operations 
for carcinoma of the colon and rectum I must again stress the fact that we need 
particularly to educate the internists and the general practitioners to investigate these 
patients earlv for polypi and to stress particularly to the general practitioners and to 
the public that the presence of the three features which vve have described as indications 
of the presence of possible mahgnancv of the colon and rectum — alteration in bowel 
function, blood in the stools and pain of an obstructive character — should cause these 
patients to be submitted to a complete gastro-mtestinal roentgenologic scries, contrast 
enema and sigmoidoscopic examination 

We have just had an interesting experience which demonstrates what has happened 
in regard to polypi in a group of bank officials sent to us for complete physical examina- 
tion Out of the first 25 men in this group sent to us, four had polypi This is a much 
higher incidence than vve all know regularl} exists, but demonstrates that this lesion, 
which is undoubted!} in man} instances a precancerous lesion, is much more prevalent 
than vve think it is, and it is, of course, the stage at which cancer of the rectum and 
colon should be treated if possible 
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Dr Frederick A Coller, Ann Arbor, Mich (closing) I want to thank you for 
your discussion of this paper, and to emphasize our position in regard to the sulfa 
drugs We deliberately refrained from using them m this series of cases so there would 
be a control group, and we invite comparison between this and other similar groups m 
which the sulfa drugs have been used I am convinced that sulfas in the peritoneal 
cautj are not worth while and I am, likewise convinced that their use in the abdominal 
wall is harmful I believe sulfasuxadme has a real place in the preparation of these 
patients and we are going to use it now' that this series is finished 

Fig i 




I want to emphasize what Doctor Lahey has said about early diagnosis through 
know'ledge of the history of the disease and frequent examinations with the sigmoidoscope, 
and routine barium enemas Surgical treatment is far more efficacious than is our ability 
to make an early diagnosis when the chance for cure is good In this series of cases 
fatalities occurred from far ad\anced disease or from heroic surgical treatment carried 
out m a vain attempt to cure the hopeless lesion The mortality from operatne treatment 
of localized cancer w r as exceedingly low Primary resection with direct anastomosis is 
feasible m a high percentage of cases 


411 




A METHOD OF RE-ESTABLISHING CONTINUITY BETWEEN 
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So many operative procedures for the re-establishment of continuity 
between the biliary passages and the gastro-intestmal tract have been 
recorded that one hesitates to offer another possible solution to this difficult 
and complicated problem I have had so many disappointing sequelae, 
following the use of what appeared to be the most logical reconstruction 
for that particular patient under the conditions at the time, that much thought 
about the whole situation has led to certain deductions 

Many excellent contributions have been made to this subject The 
most noteworthy of recent years are represented by the exhaustive report 
by Ellsworth Eliot, Jr 1 in 1936, the excellent presentation before this Asso- 
ciation by Lahey 2 in 1936, the work of Pearse 3 on the vitallium tube, the 
method of Wilson 4 and that of Dragstedt, et al n Every surgeon should 
read Sir James Walton’s 0 superb article in Surg Gynec and Obst for 
July, 1944 The delightful style of this presentation would make interesting 
reading to any intelligent person whether he be student or master surgeon 

I wish to point out here that I do not plan an exhaustive review of 
this entire subject and, therefore, hope that many important reports not 
mentioned will not cause offense It seems unjustifiable at this time to 
repeat or even bring entirely up to date the complete complication of Eliot 1 
I desire to discuss the difficulties encountered in some of the procedures 
I have tried and to present a preliminary report on a method I have found 
satisfactory 111 a small group of cases Some of these had been operated 
upon by other methods by me, some by others, and most of them several 
times and by several surgeons 

PREVENTION OF DUCT INJURY 

First, and most important of all, is the obvious responsibility of every 
surgeon to practice and teach the need for the greatest possible respect 
for the simple “gallbladder ” The operation of cholecystectomy is one 
that is commonly considered within the scope of the surgeon of little 
experience in this field These men are often unaware of the high percentage 
of anomalous arrangements of blood vessels and ducts in this region Death 
following cholecystectomy is often thought to be due to causes beyond 
control and remote from the operative site, yet, doubtless, many are due 
to unrecognized bile peritonitis or necrosis of the right lobe of the liver 
The so-called “liver deaths,” once considered due to an unremediable lack 
of reserve on the part of the patient, were probably often the result of 

* Read before the F'ft}-si\tli Annual Session, S 'lthirn Surgical Association, 
December 5 -7, 1944, Hot Springs, Va 
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ligation of the right hepatic artery under the impression that it was the 
cystic artery The fiequency of these anomalies was first bi ought to om 
attention by Eisendraht 7 Biowne , 8 and otheis, have made fuither important 
contributions to this subject So commonly does one find an arrangement 
that varies from the so-called normal, that one should constantly be mindful 
of such possibilities Fortunately, many of the anomalies are not of such 
a nature as to interfere with a routine procedure Some of them, however, 
are sufficiently important to make a difference between life and death 
and many will leave a patient in such a condition that I have often wondered 
whether life as it had become for that particular victim w r as not w r orse 
than death 

This means that every surgeon must obtain adequate exposure of this 
region Sufficient dissection of the area must be carried out to identify 
beyond question every structure that is vital to leave uninjured, and divide 
only those accompanying the gallbladdei itself Seveial years ago, I 
reviewed all the case histories of patients enteimg the Massachusetts 
General Hospital with operative injuries of the bile ducts In every 
instance, save one, when the type of operation could be ascertained, the 
surgeon had removed the gallbladdei from the ducts towaids the fundus 
This led me to believe that perhaps it w r as safer to remove the gallbladder 
from the fundus tow'ard the ducts Consequently, I w'orked out a meticulous 
technic with artificial edema m the gallbladder pentoneum, which has 
been used almost exclusively by the resident staff on the East Surgical 
Service of our clinic for about six years 9 During this interval, many 
anomalies have been recognized and no injuries to the common or hepatic 
ducts nor to the hepatic arteries have occurred It is only fair to say 
that I am not aware of any such catastrophes on the West Service, where 
they have continued a preference for the dissection from the ducts towards 
the fundus Others feel that the operation can be performed just as safely, 
or even more so, from below upwards The advantages, particularly of 
ligating the veins and small accompanying accessory ducts leading fiom 
the gallbladder directly into the liver, are certainly woith considering It 
is also easiei to preserve the peritoneal-like capsule of Glisson m the liver 
bed if the dissection is from above downward Often no effort is made 
to preserve this tissue and it is amazing to see the number of surgeons who 
apparently have never heard that it could be saved or that such a protective 
structure actually existed In fact, a method of routine cholecystectomy 
has been advocated that leaves the posterior wall of the gallbladder attached, 
the mucosal surface of which is dissected by electrocoagulation Frequently, 
w'hen the dissection is done from the ducts to the fundus, the posterior 
peritoneal layer becomes accidentally detached from the lner bed, even 
if only mild upward traction is used on the severed cystic duct The real 
disadvantage to the operation from the fundus towards the ducts is that 
it requires meticulous hemostasis and, therefore, the operating time is 
increased Unless the field is dry and clear vision of structures obtained, 
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the chief indication for this approach is lost The object is to expose the 
cystic artery, cystic duct, and at least the common hepatic duct before any 
important structure has been clamped or divided It is obvious that the 
approach is not the important featuie but the accuracy with which one 
identifies the structures to be severed It seems clear to me that men of 
less experience should select the type of operation to be undertaken according 
to the ease of access to the duct region Then they will not find themselves 
in a field obscuied by bleeding and be faced with uncertainty regarding the 
structures they have interrupted In many of the injured duct cases, we 
obtain the story of a difficult dissection in a bloody field On the other 
hand, it is surprising how often the surgeon states that he is sure the 
common duct could not have been injured because the operation was so 
easy and went so well 

The second obvious attitude should be early recognition of duct injury 
Occasionally, a surgeon will ask for advice by telephone regarding the 
proper steps to take, having recognized an injury to the common duct, the 
first in many years of surgical practice The repair can usually best be 
made at the time of injury If not then, as soon as the patient can be safely 
moved to another hospital During this interval, liberal external drainage 
is important Often the bile flow can be completely controlled by the 
temporary insertion of suitable tubes Unless the surgeon has had experience 
with the repair of ducts, he may wish to give this responsibility to someone 
else Too often, a poor repair results in failure and the surgeon suffers 
as much as the patient A careful approximation of the ends of the ducts 
without tension, with nonabsorbable interrupted sutures, will usually give 
a good result This can be made easier if done over a suitable tube It is 
better to plan on removal of the tube and a separate incision in the duct 
proximal to the suture line is advised One may use a T-tube or Horgan’s 
L-tube for this purpose to advantage One should have in mind the 
eventual minimum of scar tissue at the site of the anastomosis and avoid, 
if possible, the additional tiauma produced by the removal of the tube 
if placed in the suture line Tubes have been left within the duct and 
not through the papilla of Vater Such a tube will eventually become 
mcrusted with bile salts whether it is of rubber or vitallium Long tubes 
placed well into the jejunum wall often spontaneously pass in time but, 
on one occasion, I had to remove such a tube 14 months after its insertion 

TYPES OF INJURY 

The victims of injured bile ducts fall into two mam groups 1 The type 
that either becomes jaundiced within a few days after operation or drains 
an unexpected amount of bile into the peritoneal cavity or to the outside 
2 Those patients who do moderately w'ell for some w^eeks 01 even months 
before developing signs of jaundice with beginning episodes of chills and fever 

In the first group, we have patients who have had ligatures placed 
upon the cut-ends of the ducts with resulting jaundice, usually being 
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temporarily relieved m a week or ten days by the sudden outpouring of 
large quantities of bile Others in this group have an immediate reaction 
characteristic of bile peritonitis from which at least 25 per cent die 10 or, 
if drains weie adequately placed, the discharge of an abnormally large 
quantity of bile to the outside In the group with ligatured ends, the situa- 
tion may be recognized and corrective surgeiy instituted before the suture= 
give way, resulting m a possible fatal bile peritonitis This accident is most 
apt to take place where the cystic duct is short or runs into the common 
duct at a low level Traction on Hartmann’s pouch (ampulla of the gall- 
bladder) brings into view a normal-sized common duct that under 
tension seems to the operator small enough to be the cystic duct It is 
difficult to understand how the surgeon can tie the same duct at a higher 
level, which he must do m order to get the gallbladder free, without recog- 
nizing his error Probably, he mistakes the upper segment of common 
duct for the cystic artery At any late, I have removed chromic catgut 
ligatures placed one month before on the proximal and' distal ends of 
the common duct separated by a gap of four centimeters So much of the 
duct was missing that mobilization to allow end-to-end suture was im- 
possible In this case, after an unsatisfactory year of life with recon- 
struction over a vitalhum tube, there has been complete lelief obtained 
by the method I will describe later Another type of injury, falling into 
Group I, is that produced by sufficient tenting of the common duct to allow 
complete division of this structure This injury results in a condition 
lending itself best to an end-to-end anastomosis 

In Group 2, we have the partial strictures that take place when the 
duct is tented sufficiently to constrict only its antenoi portion Also, 111 
the instance of hurried, blind, hemostatic control of unexpected hemorrhage, 
the duct may be injured in such a way as to produce a slow stricture with 
resulting characteristic signs and symptoms This second type of injury 
can always be avoided if the surgeon will go to the left side of the patient 
and place the fingers of his left hand into the foramen of Winslow By 
exerting gentle upward pressure, the bleeding is completely controlled until 
the exact source of the hemorrhage is determined and accurately secured 
I have witnessed a brilliant young surgeon spend one hour in the accurate 
replacement of a slipped cystic artery hemostat when five minutes spent 
on the opposite side of the table would have sufficed 

If partial duct injury occuis, a giadual onset of symptoms finally brings 
about complete invalidism This group of patients will present themselves 
for help from 6 to 18 months after their first operation Under these 
circumstances, one can expect to find that the distal segment of duct is 
narrowed and often scleiosed to a fibrous coid On opening the duodenum 
one finds the papilla of Vater but may not be able to get the finest probe 
through it Experiences such as these have led me to feel that in Group 2, 
one should abandon any hope of finding a sufficiently normal distal segment 
to warrant attempts at end-to-end anastomosis In this group, one finds 
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that the reconstruction procedure, which I am about to describe, of real 
value When one abandons the distal segment of the duct and attempts 
anastomosis between the proximal dilated segment and the gastro-mtestmal 
tract, there are certain principles that must be understood or a high per- 
centage of failures will result 

PRINCIPLES INVOLVED IN RECONSTRUCTION OP BILE DUCTS 

That man can not duplicate natuie’s connection between the biliary 
system and the gastro-mtestinal tract is obvious to all who have attempted 



it When we think of the ease with which permanent anastomoses are made 
in the gastro-mtestinal tract with effective by-passing of its contents, it 
seems strange at first that such is not the case between the biliary system 
and the intestine One is familiar with the term “sphincter of Oddi” and 
much has been said about preserving its integrity Recently, Gordon-Taylor 11 
has challenged the sphincter mechanism of the outlet of the bile duct and 
stated that there are only longitudinal and oblique muscle fibers in this 
region He believes that any control of contents from the bile ducts into 
the intestine would have to be explained on the basis of an erector influence 
of these muscle fibers on the papilla It is known to us that the duct 
passes through the duodenal w^all in an oblique direction and that we can 
stretch or cut these muscle fibers with impunity when the occasion demands 
It seems that nature has protected us from serious injury in this respect 
The oblique direction of the duct through the duodenal wall, which is 
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further supported by the adjacent pancreas, may leave an overhang of 
duodenal mucosa to act as a flap valve This may explain the infrequency 
of “duodenal leflux” and “ascending cholangitis” when the normal relation- 
ship between the ducts and the duodenum are maintained 

Why anastomoses between the gallbladder or ducts to the gastro- 
intestinal tiact so often lesult m cholangitis is not easy to understand 
Certainly, two factors are worthy of consideration The peristaltic action 
of the gastro-intestmal tiact will send its contents into the liver ducts 

Fig 2 




Fig 3 

Fig 2 — Schematic drawing to illustrate the turned in distal segment of the 
jejunum and how the catheter is brought down through the lumen of the intestine 

Fig 3a — Illustrates a method used in three instances to increase the depth of the 
hepatic duct so that at least t cm of the bell end of the catheter could be held into 
the remaining segment of the duct Note the eye cut in the catheter to allow bile to 
seep into the intestine instead of all coming through the tube to the outside 

Fig 3 — Illustrates the method of introducing the bell end of the catheter into the 
developed segment of the hepatic duct 


under certain circumstances This has been observed m spontaneous fistula 
as well as m artificial connections, when an opaque medium is seen under 
the fluoroscope to leave the gastro-intestmal tract and outline the hepatic 
duct system That irritating substances as well as bacteria may accompany 
such material is easy to understand Disabling symptoms associated with 
mild jaundice, fever, and chills not always occurs under these conditions 
Mild cholangitis with little subjective or objective symptoms and signs 
may occur under all abnormal circumstances Some such patients have 
little disability from these mild episodes and are doubtless included m those 
reported as completely relieved On the other hand, many of them are 
temporarily invalided with each recurrence and finally develop continued 
jaundice, which vanes somewhat in intensity with each acute flare Under 
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rest, diet, cholagogues, etc , a regimen may be worked out to prevent 
hemorrhagic tendencies and a modicum of comfort These victims are too 
often relegated to an incomplete life and early death on the basis of liver 
damage In these patients, we do not always find adequate proof of 
ascending infection as the important factor m producing recurring attacks 
of cholangitis More often, a constricted area preventing free flow of 
bile into the intestinal tract is the chief cause of difficulty It is quite 
likely that we will find that such individuals can be cured by an operation 



Fig 4 — Schematic representation of sutures of No 30 cotton thread placed through 
the scar tissue m the liver sulcus and through the jejunum The bell end of the catheter 
has been fastened to the stump of the hepatic duct bj two plain catgut sutures 


that does not in itself permit gradual scar-tissue obstruction In all of 
these patients, we find a narrow communication between the biliary system 
and the intestine with inspissated bile or actual stones above it, contributing 
to the inflammatory symptoms observed 

All of the successful operations to restore continuity between the biliary 
and gastro-intestinal systems are based on a wide, free, permanent com- 
munication The first operations were not successful because stricture 
eventually took place In 1905, W J Mayo 12 reported a method of accurate 
mucosal anastomosis between the bile duct and the duodenum Illustrations 
showed that a valve-like flap of duodenum was attempted This operation 
has been performed extensively by Walters, 13 with good results in at least 
50 per cent of the cases Many other surgeons have tried it with about the 
same percentage of cures That this operation has not been completely 
successful is evidenced by the large number of plastic procedures recorded 
that appeared to be more rational 

Williams 14 successfully implanted an external biliary fistula into the 
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duodenum of a boy, age four This fistula had been made m the early 
weeks of life for congenital atresia of the bile ducts This patient has been 
recently seen and is m good health 30 }^ears after his reconstructive opera- 
tion This case led to many attempts to solve this problem in adults m 
this manner Most of them failed and cicatricial obstruction lesulted, due 
to the fact that the fistulous tiact had not spontaneously become lined with 
tissue resembling normal mucosa The operation of Wilson, who advocated 



Fig s — Illustrates the appearance of the jejunum aftei the sutures to the 
lner surface ha\e been tied 

Fig 5a — Schematic representation of the approximate appearance of the 

tube tit situ 

making a serous-lmed tube from the stomach, seemed a logical step and 
yet we found it unsuccessful for reasons hard to explain Dragstedt’* 
advocated the use of the duodenal wall, much as Wilson had used the 
stomach, and had one successful case to report Dragstedt, 15 howevei, has 
given what I believe to be impoitant light on the subject from his work on 
the management of the pancreatic duct by intubation m operations requiring 
lemoval of the head of the pancreas Sir James Walton 0 illustrates a plastic 
operation using a flap of duodenal wall Procedures such as Wilms 10 and 
Sullivan 17 proposed of using an omental graft around a tube are obviously 
doomed to faiiuie in most instances 

Whatevei method is adopted, one must consider the following points 

1 The elimination of scar tissue and preventing of its recuirence at the 

anastomosis 

2 To make the anastomosis iso peristaltic with the gastro-mtestmal tract 

3 Nonabsorbable interrupted sutures should be used 

4 Water-tight closure at the anastomosis is desirable 

5 The anastomosis should be temporarily held open by a tube 
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Research along these lines, beginning in 1937, has been interrupted by 
propositions that seemed logical and easier than the one I am to report 
Thus, Wilson’s method and modifications of it were tried m the interim The 
most significant change in principle came about through the vitalhum tubes, 
as proposed by Pearse 3 This appealed to me as the probable answer to 
the problem, and it was only after considerable trial on my own part, with 



Frc 6 — Schematic representation of the finished operation 
The proximal end of the jejunum has been reimplanted into the 
side of the distal end at a low level, and the tube m the hepatic 
duct brought out through an omental tab, and a stab wound m 
the abdominal wall lateral to the incision 

the removal of several of these tubes inserted by myself and others, that I came 
to realize that this method had its limitations Theoretically, it should work 
since there is the establishment of a more normal relationship between the 
ducts and the intestine Actually, there is always a temporary respite Bile 
salts do finally become deposited within the tube and thus gradual inter- 
ference with bile-flow does occur with frequency With the use of a 
permanent tube, one is faced with the impossibility of any dilatation of the 
duct This m itself is abnormal, since the ducts have a natural tendency 
to dilate and thus partially take over the function of the gallbladder r Also, 
it is difficult to prevent the tube from passing down the intestinal tract if 
one end is left free in the lumen of the gut Bile salts, ‘administered freely 
postoperatively, are helpful m keeping the tube clear but have not been 
entirely effective m my experience This rigid tube is of value in bridging 
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an unresectable area of primary carcinoma of the bile duct One such 
patient of mine lived nearly two years, for the most part m comfort, under 
these circumstances 


METHODS OF REPAIR 

As I have Intimated in the foregoing paragraphs, it is desirable to 
anastomose the cut-ends of the ducts by direct suture This is applicable 
only to interruption by division or to a small suitably situated constriction 
Anastomosis may be possible months after injury since the distal segment 
often maintains a normal diameter When there has been the loss of a 
considerable portion of the duct, it is not worth while to attempt to bridge 
the gap by an)*- artificial means Sutures under tension or of absorbable 
material are very likely to fail One can often prophesy that the result 
will be unsatisfactory from the prolonged leakage of bile to the outside 
when a poor anastomosis has been made Repair by second-intention healing 
will invariably result in gradual cicatricial occlusion m the region of the 
suture line 

When there is gradual occlusion of the duct, one may expect that the 
distal segment will become fibrosed, resulting m little or no lumen It is 
unreasonable to expect that this segment can be modified m any way to 
form the basis of a successful reconstruction Thus, m all cases in Group 2 
and m those in Group 1 with too much duct missing, one must resort to a 
logical procedure that fulfills the five principles of duct repair that I have 
set down That many of the already proposed plans will give a satisfactory 
result in a certain percentage of cases is admitted I have had so many 
failures and attempted to correct so many unsuccessful procedures under- 
taken by others that I have come to the conclusion that the method I wish 
to present may prove to be the most satisfactory I have so far tried 

In eight instances now, I have developed the short segment of hepatic 
duct in the liver sulcus and anastomosed the open distal end of the transected 
jejunum to the liver around a tube placed into the duct Intestinal continuity 
is reestablished by lmplahtmg the proximal segment of jejunum into the 
distal segment after the method of Roux This results m a mechanical 
arrangement whereby the intestinal current is directed away from the liver 
Cotton or silk sutures hold the end of the jejunum securely m the liver 
sulcus since the scar tissue around the duct opening is very firm and reliable 
By inverting the end of the jejunum for a distance of 1 5 cm , we have an 
opportunity to place m apposition two surfaces that, theoretically at least, 
have healing properties One may question the fact that a small stump 
of duct whittled out of scar tissue will have any serosal coat remaining By 
the use of the bell end of a live rubber catheter, one can expect to lead all 
bile through such a tube and thus produce a water-tight anastomosis By 
making a vent in that segment of the catheter to remain for a time within 
the lumen of the gut, we can prevent a complete external fistula for as 
long as we leave the catheter m place I ha\e experimented with leaving 
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the tube m situ for variable periods of time One would like to get rid of it 
early so that all the bile would flow into the jejunum On the other hand, 
it is well known that tubes lemoved too early may be responsible for early 
seal tissue constriction This has made it mandatory in many other types 
of 1 econstruction to leave the tube in place for a long period of time, i e , sev- 
eral months This is piactical in some lepairs as is boine out by the better 
results obtained under these circumstances The tube is supposed to keep 
the anastomosis open until healing is complete and the result of inflammation 
leplaced by moie normal tissue In our cases, we feel that leaving the tube 
for a long time might result m some pressuie necrosis of the duct lining 
For this reason, the caliber of the tube used within the duct segment is 
carefully selected The majority of oui tubes have been removed at the 
end of 21 days This is a compromise and we may find leasons for shortening 
or lengthening this period of time 

In none of the eight cases has there been any bile leakage about the 
anastomosis In three additional patients with huge common ducts, due 
to obstiuction m the head of the pancreas, in whom we used the general 
principles of the above technic, we thought some leakage might occur but 
our suture lines, being placed m structures moi e nearly of the same diameter, 
were as leak-proof as those m the average case It would be unwise, however, 
to fail to provide for exteinal drainage from the subhepatic space of Morri- 
son, since m all of these cases there ’s a certain amount of serous weeping 
due to the separation of so much scar tissue 

Three of our patients have had one oi two mild transient episodes of 
pain, jaundice, chills and fever These have quickly cleared and they are, 
on the whole, a moie satisfactoiy group than any we have observed save 
those who could be subjected to an accuiate end-to-end anastomosis The 
longest period of observation is two years In spite of the small number of 
cases and the shoit follow-up period, we believe that this method will be 
more likely to succeed m properly selected cases than any previously advocated 
Although occasion has not arisen in our experience necessitating the estab- 
lishment of continuity between the separated right and left hepatic ducts 
and the intestine, we believe that this method could be adapted under these 
circumstances by using two tubes instead of one 

This geneial principle of anastomosis of the bile duct to the end of the 
duodenum or the jejhnum is becoming the most popular method in the one- 
stage Whipple 18 operation foi carcinoma of the head of the pancreas When 
the gallbladdei is used for anastomosis and the common bile duct tied, failure 
may result because the end of the duct often will not remain closed Cattell 19 
logically advises inversion of the cut-end of the duct as one would do in 
the gastro-intestmal tract when a two-stage piocedme makes cholecyst- 
jej unostomy a justifiable first-stage operation 

Since recurring attacks of cholangitis are prone to take place if permanent 
lateral anastomosis between the gallbladder and gastro-intestmal tract are 
made, I prefer as a fiist stage the following method The gallbladder is 
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drained externally by a rubber tube brought out through a right lateral 
stab wound A jej unostomy is established 50 cm from the ligament of 
Treitz with a No 16 French whistle-tip catheter by a purse-string technic 
and brought out through a left-sided stab wound 20 By elevating the chole- 
cystostomy tube to a suitable level, aftei ascertaining the approximate intra- 
ductal pressure, one may decompress the liver more gradually The bile 
is returned to the intestinal tract through the jejunostomy tube At first 
this is done by a gravity bottle and latei by a glass connection between the 
two tubes This allows the second stage to proceed with less handicaps 
than encounteied following any of the first stage piocedures I have so far 
used One may need to dismantle the jejunostomy at the second stage, which 
does not complicate the opeiation materially The chief advantage is the 
ability to carry out the second stage after hvei decompression m much the 
same manner as the universally preferred one-stage procedure 

SUMMARY AND CONCLUSIONS 

Injuries to the common and hepatic ducts occur with greater frequency 
than is usually admitted Many of these technical errors are unrecognized 
as the cause of death Suivivors are often doomed to repeated opeiations 
and a shortened life of invalidism 

No effort should be spared to teach a greater respect for the gallbladder 
region Accurate identification of structures to be divided is imperative 
Early recognition of an injured bile duct is essential Bile peritonitis 
is not difficult to diagnose and if treated promptly will save life or at least 
a dangerously prolonged postoperative couise This feature alone has 
made it difficult for many suigeons of vast experience to close the abdomen 
without drainage after opeiations upon the biliary system 

Prolonged external biliary fistula as well as prolonged partial or total 
biliary obstiuction produces a life of invalidism 

Victims of partial continuous jaundice, with repeated flares of cholangitis, 
should not be denied further attempts for improvement by surgery They 
should not be considered as invalided on the basis of unremediable biliaiy 
cirrhosis Marked improvement and apparent complete recovery from liver 
damage can be brought about by providing for free flow of bile into the 
intestine 

Repair of the common bile duct by direct end-to-end sutuie is the method 
of choice, when feasible 

Conditions that have destroyed sufficient distal duct to make end-to-end 
sutuie impractical are most satisfactory managed, at this time, by us by 
anastomosis of the remaining pioximal duct to the end of the jejunum as 
outlined 111 this prelimmaiy repoit 
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PRIMARY CARCINOMA OF THE GALLBLADDER* 

AN ADDITIONAL REASON FOR EARLY REMOVAL OF THE CALCULOUS GALLBLADDER 

J M T Finney, Jr , M D , and Lt Murray L Johnson, M C , U S N R, 

Baltimore, Md 

FROM THE DEPARTMENT OF SURGERY, THE UNION MEMORIAL HOSPITAL, BALTIMORE, MD 

In many ways it seems hardly worth while to offer a paper on such a 
surgically hopeless condition as carcinoma of the gallbladder On the other 
hand, and paradoxically, that is the very reason we have the temerity to 
do so Because it has such a bad prognosis once it has become established, 
is there anything that we can or should do to prevent its occurrence ? We 
believe that the situation might definitely be helped m two ways First, by 
stressing the fact that primary carcinoma of the gallbladdei is much more 
common than most doctors, particularly the general practitioners, realize, 
and secondly, that, in a very large majority of instances, it, develops as a 
relatively late sequela to a long-standing chronic cholecystitis and cholelithiasis 
Any solution to the problem, then, would seem to he in the realm of educa- 
tion, education of the doctor, from his medical school days on, in the many 
dangers of chronic gallbladder disease and gallstones even though apparently 
symptomless, of which the possibility of malignant degeneration is only 
one, and education of the public that there is only one treatment for gall- 
bladder disease and gallstones, when their existence is proved, and that is 
operative removal, and the sooner the better Most of you here hold teaching 
positions m some medical school We would indeed be presumptuous to imply 
that we should teach you, but we do bespeak youi aid m teaching others, 
we feel that all too frequently too little emphasis is given to the importance 
of operative treatment of the so-called “symptomless gallbladder” or “quiescent 
gallstone” until far-reachmg systemic damage has been done, which is ir- 
reparable, then, by late operation There has been a tremendous amount 
of discussion m recent years of the complicated opeiative technic for the 
treatment of carcinoma of the ampulla and head of the pancreas, but com- 
paratively little has been said about the much less spectacular cholecystectom} 
to prevent the equally common pnmarj carcinoma of the gallbladder, as well 
as a tram of other concomitant and ultimately fatal systemic complications 
The senior author of this paper has had forcibly impressed on him the 
fact that carcinoma of the gallbladder is more common than is usually repre- 
sented by having had among his personal* cases in the ten years from 1932 
to 1941, 11 patients with this affliction It is one thing, statistically, to 
analyze this disease and another to observe the decline and sufferings of 
a fellow human being, realizing that peihaps this could have been prevented 
With this m mind we wish to reiterate the points made by numerous 

* Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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authors m recent years, that cholelithiasis is a potentially dangerous condi- 
tion and that “silent stones” is a deceiving term Among the medical pro- 
fession m general there seems to be a cunous reluctance regarding surgical 
therapy of cholelithiasis and chiomc cholecystitis, until the patient himself 
precipitates the decision by an acute episode which does not subside under 
treatment with ice-caps, antispasmodics, and opiates Every surgeon is 
familiar with the attitude of many a family physician or internist towards 
his wards as he watches them thiough subacute attacks of gallbladder trouble 
or allays the fears of the patient when gallstones are found roentgenologically 
or during some unrelated operative procedure This is a most unfortunate 
circumstance for each such man will not obseive many cases of malignancy in 
his own experience and thus will tend to discount his occasional patient who has 
a carcinoma of the gallbladder It is the abdominal surgeon who sees most 
of these cases and it should be a moial obligation of his to know the facts 
and to urge early operation 

There are other excellent reasons that call for early operation, the most 
fundamental oi which may be summed up m a statement of Lahey 1 “It is 
definitely my conviction that if patients were submitted to cholecystectomy 
before they had been through repeated attacks of gallstone colic, not only 
would the end-results be infinitely better but moitahty markedly lower — 
Not only will early opeiation for gallstone be associated with a low mor- 
tality rate, but it will definitely preserve function and normal conditions 
in the biliary tract ” 

We stress also the occasional reference m the hteiature 2 to the eventual 
production of myocaidial weakness by chronic gallbladdei disease This 
sequence has often been called to oui attention by clinicians of wide experience 
That this is no idle statement is illustiated by the fact that in the causes of 
hospital deaths m the 1940 senes of biliary tract surgeiy at the Mayo 
Clime, cardiovascular disease ranks fiist, having caused 32 1 pei cent of the 
total mortality 3 This is a tangible factor which should affect one’s decision 
in favor of earl), operation Recent observations have also shown striking 
correlation between gallbladdei disease and coronary aitery disease, 4 though 
it must be mentioned that this may be due to a basic underlying metabolic 
factor, as may be the case in myocardial disease 

There are other conditions which will not be elaborated upon, but which 
have been noted and recorded, from time to time, as resulting from calculus 
and infected gallbladders, such as functional gasti o-mtestinal symptoms, 
intestinal obstructions due to gallstones, arthritis, asthma, etc, all with a 
more than presumptive cause and 'effect basis Indeed, the silent gallstone is 
a very questionable entity 


STATISTICAL SUKVET 

Admittedly, surgical statistics regarding the occurrence of carcinoma of 
the gallbladder are misleading Autops) findings are more reliable, generally 
speaking Mohardt, 5 m a recent collective review, and Kirshbaum and 
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Kozoll 6 have presented large series showing that the general incidence of 
gallbladder caicmoma is fiom one-quarter to three-quartei s of I per cent 
of all autopsies, 01 about 5 per cent of the total of all cancel disclosed at 
autopsy Eight to 10 per cent of all cancel occur 1 mg in the female is primary 
m the gallbladder, as compared to the male incidence of 1 to 4 per cent 
This discrepancy is not so striking, however, when one recalls that the 
occurience of gallstones in women over 50 is about 14 per cent, but only 
6 per cent m men, maintaining approximately the same sex ratio 

Primary cancer of the gallbladdei is very rare in the young, theie being 
only a few cases leported m the literatuie under 30 years, the youngest 22 
years of age The majority are between 60 and 70 years of age 

About 75 to 80 per cent of all carcinomatous gallbladders are found at 
autopsy to have coexisting cholelithiasis Surgical pathologic reports may well 
show less than this, for, as we have found, inoperable malignancies cannot 
be satisfactorily explored for stones at the operating table It may also be 
noted that m caicmoma of the biliaiy tract, exclusive of the gallbladder, 
about one-third of the cases are associated with stones 

This brings us to the fact that, statistically, we are showm that between 4 and 
5 per cent of all calculous gallbladders may eventually be associated with 
malignancy of that oigan 

Now, wdiat kind of mortality rate do we have m prophylactic re- 
moval of symptomless gallbladders ? That is difficult to determine for 
mortality rates presented m the literature foi cholecystectomy include mostly 
patients m wdiom symptoms have demanded operation Graham 7 gives a 
rate of 1 5 per cent, the Mayo Clinic, in the 1940 ieport, 3 for cholecys- 
tectomy performed for a chronic cholecystitis w'lth stones gives a 1 6 per 
cent of hospital deaths Of this last group, 7 per cent weie jaundiced Thus, 
w r e see that on a purely statistical basis, regarding the possibility of malig- 
nancy as the only reason for advising cholecystectomy, w r e are entuely 
justified in our stand, by a mortality expectancy of 1 5 to 2 per cent as against 
a malignancy expectancy of 4 to 5 per cent 

Tabix I 

PATIENT S \GE AT TIME OF DIAGNOSIS 


40-49 } ears 1 

50-59 j ears 3 

60-69 years 6 

70-79 j ears 7 

80-89 > ears 1 


A\ erage age 67 4 y ears 

Of the 1 8 cases which we aie repoitmg in our senes, two weie males, 
16 w^ere females As to age, one w r as in the 40’s, three in the 5o's, six m 
the 6o’s, seven m the 70’s, and one m the 8o’s The average age w as approxi- 
mately 67 4 years The presence of stones was proi ed m 1 1 cases , m se\ en it 
v r as impossible to say, due to the extent of the growth In 13 cases 
there w’as a history at least suggestne of gallstones for from one to ovei 
20 years preceding the operation In four other cases, giving sjmp- 
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toms of less than one year’s duration, m every instance the complaint 
seemed based on already inoperable growth In one case the history 
was so indefinite as to pieclude any estimate of the duration of dis- 
ease In two cases there had been previous operations for the removal 
ot stones, with drainage of the gallbladder, one, 20 years, and the other 
five years before the operation at which the malignancy was found In each 
of these, the growth not only involved the gallbladder and adjacent liver, 
but also proceeded up the old dram tract into the abdominal wall In both 

Table II 

DURATION OF SYMPTOMS SUGGESTIVE OF GALLBI ADDER DISEASE 


20 years or over 2 

10-20 years 2 

5-10 years 5 

1-5 years 4 

Less than 1 year 4 

History too indefinite to determine 1 

Table III 

SURVIVAL AFTER OPERATION DETERMINING DIAGNOSIS 

Less than 1 month 6 

1-3 months 3 

4-6 months 4 

7-12 months 2 

13-18 months 2 

Over 2 years (25 months) 1 


Less than 6 months — 13 Less than 1 year — 15 

Table IV 

PATHOLOGtC REPORT — TYPE OF GROWTH 


Adenocarcinoma primary m gallbladder 6 

Squamous cell carcinoma 3 

Carcinoma of gallbladder primary, unspecified 7 

Unsatisfactory biopsy 2 


of these cases there had also been reformation of stones Six cases survived 
the operation less than one month, three survived from one to three months, 
four from four to six months, two from seven to 12 months, two from 13 to 
18 months, and one for 25 months In three cases the gallbladder was removed 
In one of these the presence of growth, m addition to stones, was suspected, 
but no evidence of extension beyond the limits of the gallbladder was 
demonstrable This case survived 105 months In the other two cases, 
very early carcinoma was found on microscopic examination, but was not 
suspected at the time of operation One of these cases lived 165 months, 
the other 25 months, but both died of a lecuuence 0} the malignancy From 
this it would seem that our ability to cure already established primary car- 
cinoma of the gallbladder by operative removal of that organ is very 
questionable In a total of 1192 gallbladder operations during this ten-year 
period there weie 18 pathologically proven cases of primary carcinoma of 
the gallbladder, or slightly over 1 5 per cent This total included both 
calculous and noncakulous gallbladders The percentage of cases showing 
primary carcinoma is considerably smaller than some other published series, 
but is still less than the mortality rate for this same series, which was 1 26 
per cent exclusive of the carcinomas 
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Table V 

COMPOSITE TABLE OF ALL CASES 

Duration 

after 


Patient 

Sex 

Age 

Stones 

Operation 

Operation 

Duration of Sj mptoms before Operation 

M B 

F 

78 

+ 

Inop * 

Autopsy 

Pain R U Q bach and shoulder for 4 y ears 

M V r 

M 

74 

? 

Inop 

4 mos 

Jaundice for 6 weeks 

A L 

F 

61 

? 

Inop 

7 mos 

Nausea, gaseous distention R U Q discomfort 
for 5 years 

F B 

F 

67 

+ 

Chole- 
c> itectomy 

25 mos 

* Gallbladder trouble dating to first acute 
attach 20 j ears before 

C W 

F 

87 

+ 

Inop 

3 dajs 

History too vague and indefinite to estimate 

J D L 

F 

62 

+ 

Chole- 

cystectomy 

16 5 mos 

Acute episodes for 9 years 

E M 

F 

57 

? 

Inop 

5 5 mos 

Attacks of gas and R U Q discomfort about 
15 years 

A W 

M 

73 

+ 

Inop 

3 mos 

Gallbladder drained and stones removed 5 years 
previously elsewhere 

W F 

F 

62 

? 

Inop 

9 mos 

Gas and pain in R U Q for about 1 year 

E T 

F 

79 

+ 

Inop 

2 mos 

Gallbladder drained and stones removed 20 > ears 
previously, elsewhere 

A J 

F 

56 

+ 

Chole- 

cystectomy 

10 5 mos 

Gas, indigestion R U Q discomfort for about 
6 years 

J G 

F 

76 

+ 

Inop 

18 days 

Attacks of R U Q pam for over 2 years 

E C 

F 

74 

? 

Inop 

12 days 
(pulm emb ) 

Burning discomfort in "stomach for ’several 
years " Rapid progression, 8 mos 

A K 

F 

72 

? 

Inop 

2 mos 

Attacks R U Q pam for 5 to 6 years 

R A 

F 

69 

? 

Inop 

20 days 

Pam through upper abdomen for 5 mos 

D C 

F 

47 

+ 

Inop 

26 days 
(pulm emb ) 

Loss of weight 1 year Pam in back 3 mos 

E B 

F 

59 


Inop 

4 mos 

Anorexia and loss of weight 3 mos Pam 2 weeks 

E K 

F 

61 

+ 

Inop 

15 mos 

Pam tn upper abdomen, 3 to 4 mos 


* “Inop means autopsy or exploration with biopsj of growth 


Discussion — From our brief series several points can be emphasized In 
nearly every case the symptoms presented were due to inoperable growth, 
with or without preexisting symptoms of cholelithiasis The only two cases 
of early carcinoma were operated upon for long-standing complaints due to the 
stones contained within the gallbladders, and the finding of malignancy was 
entirely accidental and unexpected In spite of this, and removal of the 
gallbladder, both of these cases died — one m 17 months, the other in 25 
months — of recurrence of the malignancy Therefore, the result of surger) 
once malignancy is established is most discouraging and makes us reiterate 
the fact that the only hope that many of these deaths can be prevented is by 
early removal of simple calculous gallbladders There are tv o cases included 
in our table which are of a group in which malignancy arose m gallbladders 
which had previously been drained and the stones removed The new growth 
in this type of case often presents itself along the old drainage tract as it 
did in both of these instances This brings up the point, that the mere remo\ al 
of stones does not satisfy the moral obligation of the surgeon, removal of 
the gallbladder is necessary where possible 

Histopathologically, adenocarcinoma predominates, squamous cell car- 
cinoma, usually anaplastic, is less common Scirrhous growths are frequent, 
and the colloid type, with peritoneal extensions, are occasional 

In reading most reports concerning carcinoma of the gallbladder from 
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the surgical point of view, we have found a great deal of superfluous 
material, specifically m evaluation of the symptoms presented, and the 
laboratory findings A simple understanding of the anatomy and pathology 
involved will be of most help to the clinician Most new growths originate 
m either the neck or fundus of the organ Extension is by local infiltration 
of the gallbladder wall then into the liver and adjacent tissues and by 
lymphatics to the cystic nodes, then to the nodes about the common duct 

Distant metastases are rare but may occur The liver is usually already 
involved at operation 

Thus, we see that obstruction of any point of the biliary tract may 
occur or there may be only local extension or peritoneal implants Due to 
obstruction of the cystic duct, either by stone or growth, empyema and 
hydrops may occur m conjunction with the malignancy 

With this simple basis of knowledge of the origin and manner of spread 
of carcinoma of the gallbladder in mind, it is easy to see why there is no 
syndrome that will make an early diagnosis possible We have diagnosed 
this condition preoperatively and diagnosed patients dying without operation, 
but the diagnosis was based on symptoms arising as a rule from the 
extensive spread of the disease and other evidence of carcinomatosis Early 
malignancies are found by accident, the symptoms indicating operation 
being due to the coexisting cholelithiasis It is the occasional case of early 
carcinoma that makes us feel most futile in treatment as even here the outlook 
is bad because of the early spread 

CONCLUSIONS 

1 Carcinoma of the gallbladder is more common than is generally supposed 

2 Cholelithiasis must be accepted as an etiologic factor because of its 
frequent association with malignancy 

3 Preoperative diagnosis of carcinoma of the gallbladder is difficult and 
treatment is rarely of value 

4 With present day surgical methods, prophylactic removal of symptomless 
calculous gallbladders is entirely justified in most individuals 

5 Valid reasons other than the possibility of malignancy are presented 
m support of an early cholecystectomy of calculous gallbladders 

6 A series of cases of carcinoma of the gallbladder seen in the years 
1932-1941 at the Union Memorial Hospital is presented 
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Discussion — Dr J Shelton Horsley, Richmond, Va There have been many 
methods of attempts to reconstruct the common bile duct One of the earliest was by 
Sullivan, who, in 1900, described an operation m which a rubber tube or catheter was 
tastened to the stump of the hepatic or the remaining end of the common duct, carried 
into the duodenum, and covered with neighboring tissue and omentum 

In 1918, I published a paper on reconstruction of the common bile duct in which 
tne experimental work was carried out in dogs A segment of vein was turned inside 
out and sutured into the defect made by resecting a portion of the common duct The 
operation was technically successful but biologically a failure After a few months the 
tissues of the vein, being unaccustomed to irritation by bile, contracted and formed a 
complete obstruction It was then seen that it was necessary not only to have a primary 
mechanical union but to make a permanent channel , tissue accustomed to its environment 
must be used The vein was accustomed to blood, not bile 

On August 13, 1921, I operated upon a patient, Mr R B D , white, age 39, who 
had been operated upon elsewhere , the gallbladder had been removed at one operation 
and later the common duct was opened for stones The patient had a recurrence, and 
1 united the common duct, which was greatly dilated, to the duodenum He was relieved 
for a while, but about two years later he had more discomfort and pain, and a roent- 
genogram, taken on May 27, 1924, showed that some of the barium meal entered the 
common duct and the hepatic ducts (slide) Obviously, the common and hepatic ducts 
would be filled with the duodenal contents from the normal pressure there, and regurgi- 
tation into the biliary system occurred On December 31, 1924, three years and four 
months after the operation I performed, he was operated upon elsewhere Many ad- 
hesions and liver abscesses were found and the patient died five days after this operation 
This would seem to show that any communication between the common duct and the 
duodenum, with its great peristaltic activity, and receiving gastric material under strong 
pressure from the stomach, would be umvise, as it almost certainly would be followed 
by cholangitis 

In October, 1943, Lt Col Guy Horsley and I published a method of choledocho- 
enterostomy* in which a loop of jejunum about two or three feet from its origin was 
united to the common duct by a rubber band and an entero-enterostomy was made between 
the limbs of the loop by rubber bands to bypass the choledocho-enterostomy and so a\oid 
the pressure that would force the intestinal contents into the biliary tracts (slides) I 
have used this technic clinically, as mentioned in this paper, and ha\e had successful 
cases since this paper w'as published 

* Cholecysto-enterostomy, Choledocho-enterostomy and Entero-enterostomj by Means 
of Rubber Bands The Use of Rubber Bands in the Mikulicz Operation Annals of 
Surgery, 118, No 4, 558, October, 1943 
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Dr Thomas J Anglem, Boston, Mass The ideal procedure for the surgical 
repair of a stricture of the common bile duct is one which permits bile to flow readily 
th.ough the previously injured portion of the duct, and then to pass through a normally 
functioning sphincter of Oddi into the duodenum We had thought that the implantation 
of a vitallium tube into the common duct would approximate this ideal Continuing 
experience with vitallium tubes, however, has taught us that this method, like all others 
v e have tried, has definite disadvantages and limitations 

Dr Howard Clute and I have had io patients in whom 12 vitallium tubes for 
common duct strictures have been used For this discussion these may be divided into 
( 1 ) those in which the common duct above and below the stricture could be utilized in 
tne repair, (2) those in which the distal end of the duct could not be so used, and, (3) 
stricture or narrowing of the duct from chronic pancreatitis 

Seven of our patients had common duct strictures so situated that a vitallium tube 
could be inserted m such a way as to reestablish the continuity of the duct and to retain 
the function of the sphincter of Oddi The first of these patients, operated upon m 
November, 1940, was reported before this Association by Dr Clute She has remained 
well since (four years) except for one attack of pain and fleeting jaundice Three 
others of this group have gone from six to 18 months without trouble The remaining 
three, however, have had repeated attacks of pain, fever, chills and jaundice, two have 
had a second attempt at repair of the stricture by vitallium tubes — one with slightly 
better success and one a failure The third has gone two and one-half years since oper- 
ation for a completely obstructing stricture, but is now having attacks of pain, jaundice, etc 
In brief, then, of the seven patients in whom we believed vitallium tubes would be 
helpful, four are doing well after intervals of from six months to four years, two are 
still having attacks of pain and jaundice, and one has been a complete failure 

In two cases, in spite of retrograde catheterization through the duodenum, we were 
unable to find sufficient distal common duct to utilize m the repair In each case we 
anastomosed the common hepatic duct to the duodenum over a trumpet-shaped vitallium 
tube placed between the common hepatic duct and the bowel The first patient passed 
the tube per bowel, she has gone two years with only occasional attacks of cholangitis 
In the second patient the tube remained in situ and all went well for three months She 
then returned to the hospital because of severe gastro-mtestinal bleeding, this was fatal 
111 spite of heroic measures to control the hemorrhage At autopsy it was found that the 
d,stal end of the vitallium tube pressing on the posterior wall of the duodenum had caused 
an ulcer that bled From these two experiences we do not recommend vitallium tubes 
as splints to be used at the site of a choledochoduodenostomy 

In our series the last case was one of obstructive jaundice, apparently due to pres- 
sure on the common duct from a severe chronic pancreatitis Here a very long vitallium 
tube was placed in the duct He has remained well for eight months 

The use of the vitallium tubes for the repair of common duct strictures, therefore, 
11 our hands has given us perhaps 50 per cent good results when both ends of the duct 
were present They have not been helpful m choledochoduodenal anastomoses One case 
with chronic pancreatitis has apparently been helped We are concerned with the prob- 
lem of why some tubes may remain in the duct for years without trouble, and others 
cause difficulty in a few weeks It may well be that with Dr Allen’s ingenious new 
method many of our problems will disappear Certainly our experiences with vitallium 
tubes leave us ready for a better method of dealing with common duct strictures 

Dr Frank H Lahey, Boston, Mass This is a very ingenious operation and it will 
be a helpful addition to the number of methods that we now employ I would like 
particularly to make a plea about this question of strictures of the bile ducts Strictures 
should be treated primarily by the surgeons who are doing gallbladder operations , that is, 
they should be treated m a preventive way About two months ago I sent an article to 
one of the surgical journals advocating an approach to this problem that may not be 
entirely accepted without some criticism 

I suggested first of all that better anesthesia, wider incisions and better exposures 
would prevent many of these strictures because these precautions would prevent injuries 
to the ducts Because we now have repaired 130 strictures of the common duct in patients 
who have been sent to us, in many cases with great difficulty, my suggestion m the editorial 
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was that if a man injures a duct he should assess his experience very critically as to 
whether or not he has the skill to repair it, because in the repair of injuries to the hepatic 
and common ducts if the remaining ducts are again injured and so used up, another 
repair has less chance oL being successful One of the things we have learned is that 
each repair that is attempted on one of these injured ducts uses up hepatic duct until 
it finally disappears into the substance of the liver and so makes subsequent repairs 
additionally difficult and uncertain of success 

One could, of course, be accused of being selfish in stating this, but you have just 
heard, m this paper and the discussions, three men from Boston, each representing different 
institutions, on this matter of strictures, and there are many other men throughout the 
country who have had experience with strictures, so that I feel free to make these 
suggestions 

Our very best results in repair of strictures of the common and hepatic ducts have 
been in those patients who have been sent to us after the injury, and not' too long 
afterward, because then there is enough of the duct structures left so that a reasonable 
reconstruction operation is possible 

There are several things one has to leaYn about strictures of the common and hepatic 
ducts One is that it is possible, with the fulguration apparatus and with careful dis- 
section, to dissect a considerable length of hepatic duct out of the hilum of the liver 
One also has to learn to be reasonably immunized to opening the portal vein I have 
personally opened it and sutured it six times It is a little hair-raising, but on the other 
hand, the pressure in the portal vein is low and with one finger in the foramen of 
Winslow, pressure on the vein will control it We have successfully sutured the vein 
in all these cases 

In the beginning of our experience we put in some rubber lubes instead of vitalhum 
tubes m cases of stricture of the duct because vitallium was then not available A few' 
of these have worked well, but we have now replaced most of them with vitalhum tubes 
I do not know whether or not vitallium tubes will clog as many of the rubber tubes have, 
but so far it seems likely that there will be less deposit of bile salts upon them, and up 
to the present time they have certainly been more successful than the rubber tubes 

I do not think we should give up reconstruction of the duct by the use of the vitallium 
tube I by no means feel discouraged about it Most of the strictures are reasonably 
high in the hepatic duct, which leaves the sphincter of Oddi intact I much prefer a 
reconstruction of the bile duct with the sphincter intact than any implantation of the 
cut end of the duct into the intestine -or implantation of the intestine into the hilum of the 
liver because of the danger and frequency of ascending infections when no sphincter 
is present 

We have learned that one of the easiest ways to find strictures of the common duct 
is to turn the duodenum over, find the point of entrance ot the common duct into the 
duodenum, follow it up through the split head of the pancreas and insert a probe upw'ard 
This will usually take one straight up to the point of stricture from which the entrance 
to the intrahepatic portion of the hepatic duct can be found and opened 

No one can as yet say what the ultimate results will be with vitalhum tubes, but 
when one realizes that these cases otherwise are hopeless, I am by no means sure that 
they will not help us in a most difficult situation 

It may be of interest to report that a golf professional in whom we put a vitallium 
tube a year and a half ago is now touring the winter golf tournaments, and has finished 
in several of them in top-flight positions 

Dr Robert S Dinsmore, Cleveland, Ohio I was much interested in what Doctor 
Allen said about the insidiousness of the symptoms of localized bile peritonitis I have 
seen patients on the seventh or ninth day following operation, without symptoms or 
temperature rise when we see them in the morning, and within a few' hours there is a 
high temperature and high pulse rate We recognize that something is w'rong, open 
the abdomen and find a huge collection of old bile Apparently they are able to 
tolerate this for some time without symptoms, not even with the uncomfortable feeling 
Doctor Allen described 

I have been interested in how to find that stump and would like to ask do you go 
to the left Side or follow' the liver border down'’ Lord Mojmhan once searched for 
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the stump for a long time, and finally said, after two hours “From now on I am on my 
own time, anything under two hours I consider the patient’s'” 

Dr Harvfy B Stone, Baltimore, Md I want to say a word of commendation 
for the splendid paper of Doctor Fmnej — splendid in presentation and in the ideas it 
contains I would like also to say this At least in the community where Doctor 
Fmnej and I work, there is still a very widespread feeling among the general profession, 
and to a certain extent among surgeons, that there is no particular reason to be anxious 
about the so-called silent gallstones He brought out many points of interest, but I 
think the one he emphasized particulaily was that the presence of silent gallstones for 
many reasons should not be considered an innocuous condition, among those reasons 
being the close correlation between the origin of malignancy and the presence of gall- 
stones So I think he has given us another cogent reason why we should regard a 
gallbladder containing stones a menace to the patient’s health, irrespective of whether or 
not he is suffering from it 

Du John J Morton, Rochester, NY I am sure Doctor Herman Pearse would 
appreciate it if anvone who has had results with the use of vitallium tubes would let him 
know r He is especially interested in this and attempted to review it last fall He 
reported his results at the Connecticut State Medical Meeting in the fall and if I 
remember his figures, 80 per cent of his cases were doing very well, and there were 
very few reports from outside of unsatisfactory results So I am sure he would be 
interested in hearing about the bad results In his hands the results have been satis- 
factory, especially m those cases where theie are large segments of the common 
duct missing 

I am glad that Doctor Allen has made this contribution, which is anatomic and 
gives an opportunity to use noimal structures I do not believe that turning the jejunum 
around will prevent ascending infection In cases of resection of the pancreas for 
carcinoma, where a similar anastomosis has been used, we have seen hepatitis at post- 
mortem examination This is an ever present danger when the bowel is anastomosed 
to the liver bile ducts or gallbladder 

Dr Arthur W Allen Boston, Mass (closing) Most of the queries raised by 
the discussors are considered in the body of the paper Therefore, I will not repeat the 
reasons why I think the tube should be a temporary one and should be removable, nor 
why I think a rigid tube of metal not so good as one made from the patient’s own tissues 

I expect that we will get less cholangitis in this low implantation of the proximal 
jejunum than we do m the high implantation of the stomach into the jejunum following 
the Whipple operation This may not eventually prove to be true, but it now appears 
that these patients upon whom I have performed these operations are having less evidence 
of ascending infection than others have had following resection of the head of the 
pancreas 

Doctor Dinsmore has asked two difficult questions and I doubt if I can answer 
them satisfactorily I believe that the patient who does well for seven or eight days 
following cholecystectomy, and then suddenly over a period of 12 hours becomes very 
ill with obvious peritonitis, may be explained on the basis that the ligature on the 
cystic duct has cut through, allowing bile to drain into the peritoneal cavity from this 
source Theoretically, one should invert the cystic duct as one does the intestine 
when a tight closure is expected This is not usually practical, due to its small caliber 
One may have less tendency for lack of proper healing of the duct if it is crushed 
with a clamp before the ligature is applied A transfixion suture distal to the ligature 
may prevent the tie from slipping off the duct 

The only rule I have for finding the stump of the bile duct is to follow the under 
surface of the liver, which I believe should be freed entirely on the right and left sides 
of the liver sulcus After this is done, one usually comes down onto the portal structures 
which can be identified by the pulsation of the hepatic artery Aspiration of the likely 
area where the duct is expected with a fine hypodermic needle, as suggested years ago 
by Dr Donald Balfour, is a very useful procedure I think it is fair to saj that one 
should be able to expose the duct within a two hour period Many of them are easier 
than others, depending on the grade and type and vascularity of the adhesions One 
should not try to operate against time when doing this type of operation 
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We began an investigation m the early spring of 1942, seeking an 
efficient method of blood vessel anastomosis adaptable to vai use An early 
start seemed timely because it vould permit an opportunity foi the indoc- 
trination of those few basic principles of blood vessel surgery so necessary to 
the success of any method of blood vessel anastomosis, howevei simple it 
be m technical execution 

We entered this war equipped with impoitant adjuncts m the salvage of 
wounded extiennties with mam artery damage The early and effective 
treatment for shock, the conti ol of infection and vasospasm are known to 
promote the maximum blood cariymg capacity of undamaged collateral blood 
vessels It would he leasonable to expect, then, m this war, that extremities 
would survive or become gangrenous following ligation of damaged main 
arteries in direct accordance with the number of collateral vessels remaining 
anatomically intact 

It has long been known that w r ar missiles causing damage to mam arteries 
cause concomitant damage to collateial vessels, severe or slight, in accord- 
ance with the type of acting missile Our first real experience with high 
explosive warfare was m World War I We are informed that the shrapnel 
of World War I-fame caused wounds charactenstically destiuctive of col- 
lateral vessels 1,2 A great expansion m design of high explosive missiles 
in the form of land mines, grenades, fragmentation shells, aeual bombs, 
rocket shells, etc , made it seem likely there would be a preponderance of 
wounds highly destructive of collateral blood vessels 111 this wai In view 
of these prospects and the fact that there is an anatomic limit to the number 
of collateral blood vessels that can be destroyed and yet ha\e a limb survive 
ligation of the damaged mam arten, the desirability of gaining control of 
blood flow by anastomosis 111 this war w r as early emphasized 

A NONSUTURE METHOD OF BLOOD VESSEL^ANASTOMOSIS 3 

Staitmg with the ancient method of restonng blood flow through severed 
arteries, of which there is none simpler than tying the cut ends of a vessel 
over the ends of a connecting cannula, we added the principle of lining the 
cannula with a vein graft 

We selected vitalhum, an alio) * because of its nonuritatmg qualities, as 

* Approximate composition is cobalt 65 per cent, chromium 30 per cent, moljbdenum 
5 per cent The cannulae and tubes ivere supplied bj the Austenal Laboratories, Inc , of 
Chicago and New York 

*Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1 944, Hot Springs, Va 
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a suitable material from which to make cannulae or tubes To facilitate 
bridging arterial defects of any length we recommend an identical technic 
employing a vitalhum tube on each end of the vein graft 

Figure i illustrates the technic The ends of the vein graft are everted 
(cuffed) over the ends of the cannula or tubes and secured by fine silk 
ligatures placed behind tying ridges four or more millimeters from the ends 
The cut-ends of the artery are triangulated with mosquito clamps and brought 
over the vein-covered ends of the cannula or tubes and secured by ligatures 
of heavy silk placed behind the tying ridges To prevent blood from passing 
between the vein and artery intimas, a fine silk ligature is tied, just snug, one 
or two millimeters from the end 

The method affords a broad vein mtima-to-artery mtima contact for 
the formation of a firm junction by healing Because of the usual wide- 
spread bacterial contamination of acute traumatic vascular injuries we 
compared the efficiency of the nonsuture double vitalhum tube technic 
with the Carrel suture method in vem graft bridging of femoral artery 
defects m contaminated wounds of dogs The results m two series of 
24-hour-old wounds, using the Carrel suture technic in one and the 
nonsuture method in the other, were 40 per cent successes w ith the 
Carrel suture method, as against 85 per cent successes in the nonsuture 
series Debridement and the sulfonamides were used m both series and 
anticoagulants m neither 

At the suggestion of Dr Rudolph Matas we investigated the use of 
heteroplastic vein grafts and methods of preserving them There is clinical' 1 
and experimental 1 evidence to show that if an anastomosed mam artery can 
be kept patent m a wounded extremity beyond the period of posttraumatic 
edema up to 14 days, the extremity wall be saved By that time collateral 
vessels will have developed sufficiently to avoid the occurrence of gangrene 

To gam information on whether heteroplastic veins will function ade- 
quately to prevent gangrene when used to bridge arterial defects the follcnv- 
mg experiments were performed Figure 2 is a photograph of tw r o dogs m 
which the right hind leg was amputated, midthigh level After an interval of 
24 hours, the legs w r ere reimplanted, using the nonsuture tw r o-tube technic, 
and vein grafts from a third and fourth animal to bridge the defects in the 
femoral artery and vein The amputated limbs were preserved during the 


Fig 1 — Illustrating the operative technic of the nonsuture method i Cannula and tubes (for 
use in the single or double tube technics) 2 Illustrates removal of vein graft Note the branch is 
tied close to the vein with fine silk before clamping 3 Irrigation of vein graft with normal saline 
to which a small amount of heparin ma> be added if desired 4 Method of triangulating end of vein 
with mosquito clamps 5 Cuffing and securing everted end of vein upon the vitalhum tube 6 Ulus 
trates double tube technic with the vein graft mounted 7 Introducing the distal end of the vein graft 
mounted upon a vitalhum tube into the proximal end of the artery 8 Illustrates tying fine silk 
ligatures, just snug, to prevent blood from penetrating between the vein and artery intimas Also 
releasing the proximal rubber shod clamp first to facilitate the passage distalward of anj residual air 
bubbles within the graft 9 Completed anastomosis — The perivascular tissues are closed snugl} around 
the anastomosed arterj when possible 10 A convenient waj of preserving, hcrmcticallj sealed in an 
ordinary test tube, a vein graft for quick freezing The graft is moistened with normal saline, one 
end mounted upon a vitalhum tube m the usual manner, the other end is passed through a second 
tube and brought over the first tube to protect the intima until used A wire serves to suspend 
the graft 
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plished within 15 minutes by the average operatoi For wai use, ready- 
mounted, quick-fiozen, vein grafts serviced to field and evacuation hospitals 
via the blood bank peisonnel, would afford an important alternate, during 
large offensive engagements, to the necessity of having to remove grafts at 
the tune 

We present two cases to illustrate the application of the nonsuture method 
of blood vessel anastomosis m the treatment of acute traumatic extremity 
wounds with mam artery damage 



Fig 3 — A photograph of a clog's aorta taken 19 davs after operation A defect 
in the aorta was bridged with a segment of human saphenous vein which had been 
preserved quick frozen for three w eeks Note the funneled ends of the t\\ o vitalhum 
tubes and the vein graft in between 

Case i — No 714522 ME A seven-year-old boy admitted to P H , Jul> 20, 1943, 
m shock due to hemorrhage from a severed brachial artery The bov’s left arm had 
been pushed through a glass door while at plav He received an irregular laceration 
across the inner aspect of the middle section of the aim The brachial artery, median 
and ulnai nerves were severed The patient was promptly given 500 cc of blood, 300 cc 
of normal saline and 2 grams of sodium sulfadiazine, intravenously 

Opeiation — (Fne hours after mjuiy) Ether anesthesia A pneumatic tourniquet 
was applied well above the wound The skin was carefully “prepped” and the wound 
thoroughly irrigated with saline The retracted ends of the severed brachial arterv 
were freed for a distance of 5 to 6 cm The tourniquet was released sufficiently to flush 
out scveied vessels Rubber-shod clamps were quickh applied to the ends of the severed 
artery and the latter irrigated with saline The cut ends of the brachial \em were 
transfixed with “C” Deknatel silk As debridement proceeded, the smaller \essels were 
ligated w ith “B ’ Deknatel silk 

At this point of the operation the team was divided This enabled one section to 
proceed with repair of the nerves, using arterial silk, while the other proceeded with 
preparation of a vein graft for bridging the arterial defect Accordmgh the left femoral 
vein was isolated for a distance of 10 cm distal to the origin 01 the prolunda Branches 
w'ere ligated with “B” Deknatel silk flush with the vein, clamped, cut and ligated 
distalh (Fig I) A ligature of No 1 Deknatel silk was placed on the distal end 01 
the femoral vein The blood was milked upward and another ligature placed proximal- 
ward The vein was further secured with transfixion ligatures and the intervening 
segment quickh removed (The length of a vein segment before removal should be 
2 cm longer than the arterial defect) The vein graft was thoroughh irrigated with 
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saline A silk suture on a straight needle passed through the wall of the distal end 
served to pull the vein through a 2 Mm vitalhum tube and later, when cut short, 
to identify the distal end of the vein graft The end of the vein was everted (cuffed) 
over the vitalhum tube and held in place by a ligature of No 1 Deknatel silk placed behind 
a tying (holding) ridge (Fig 1) The other end of the vein graft was mounted, in 
identical manner, upon a second 2 Mm vitalhum tube (Care must be taken to avoid 
a valve at the eversion site to prevent diaphragm occlusion) 



r 

f 

r 



Fig 4 — Arteriogram of the anastomosed brachial artery in Case i, 
taken one month after operation Whereas, the funneled ends of the 
vitalhum tubes are close together, a column of diodrast may be noted 
passing through the intervening vein graft Compare the long tubes as 
used in this case with the shorter tubes of recent design (See insert) 

Next, the severed ends of the artery were debrided and again irrigated to remove 
dinging particles of fibrin (Control of blood flow by the rubber-shod damps placed 
well away from the ends must be absolute) • 

The distal end of the severed artery was then triangulated by placing mosquito 
clamps, taking 1 5 Mm bites, upon the cut edge The flange of the vitalhum tube 
carrying the proximal end of the vein graft was grasped with a stout, straight clamp 
and the graft was dipped in saline Following this, the vein-covered tube was intro- 
duced into the funneled end of the artery and the latter brought well up on the tube 
The artery was secured to the tube, mtima to intima with the -v ein, by a No 3 Deknatel 
ligature tied tightly behind the holding ridge, using a surgeon’s knot (Fig 1) 
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The second Mtallium tube, bearing the distal end of the vein graft, was irrigated 
with saline (using a blunt nose medicine diopper) and quickly introduced into the 
proximal end of the artery in an identical manner Finally, ligatures of No i Deknatel 
silk w ere placed around the artery, barely snugging the artery to the cuffed vein at a 
point x to i 5 Mm from the ends of the vitallium tubes (Fig i) 

Just before removing the rubber-shod clamps 15 mg of heparin (1 5 cc of liquaemin) 
was injected m the artery just proximal to the anastomosis using an hypodermic needle 
The proximal clamp was removed first, followed immediately by removal of the distal 
rubber-shod clamp (Should this not serve to force all trapped air bubbles distally 
from the vein graft, elevation of the limb with gentle milking pressure upon the graft 
must be resorted to) 

A pink color of the boy’s hand resulted immediately after reestablishment of blood 
flow, and only a few minutes elapsed before the left hand was as warm as the right 
The muscles, fascia and skin were approximated with fine silk The patient received 
300 cc of blood during the operation and left the table in excellent condition The 
arm was placed m a plastei splint with the hand in volar flexion 

PostopaciUrc Course — The wound healed per primam The patient was discharged 
on the nth postoperative day m a constant tension splint to permit exercise of unopposed 
extensor muscles, but protecting the paralyzed flexor muscles of the forearm against 
overstretching Sulfadiazine therapy was continued through the fifth postoperative day 
We cannot say that postoperative heparinization was adequate (its administration by 
continuous mtrav enous drip was discontinued after 60 hours) , because the clotting time 
(capillarj method) varied from 3 to 6 minutes Daily observations of the left radial 
pulse revealed it unchanged in volume 

Folloxv-up i month Patient receiving physiotherapy Left radial pulse remains 
good Arteriogram (Fig 4) confirms the patency of the anastomosis However, throm- 
bosis of the anastomosis took place immediately following the injection of diodrast 

Folloxv-up 5 months Chronaxie studies reveal innervation of the forearm muscles 
supplied by the median nerve 

Follow-up 14 months Complete sensory and motor recovery of the median and 
ulnar nerves However, there is yet some inability to completely extend the fingers 
due to weakness of the interossei muscles, though chronaxie studies reveal complete 
regeneration 

Folloxv-up 19 months Complete return of function 

Case 2 — No 751446 R J A 15-year-old colored boy entered the P H, July 7, 
1944, with a severe laceration of his left arm He incurred the injury falling through a 
plate glass window A tourniquet was promptly applied After his arrival at the 
hospital, some hours later, a pneumatic tourniquet was applied, and deflated at half 
hour intervals Family and past history noncontributory 

Physical Examination Temperature xoi° F , pulse 132, B P 160/80 An apprehen- 
sive, well-developed male, not m shock Examination of the left arm revealed a trans- 
verse laceration starting in the midbiceps region, directed obliquely downward, dividing all 
soft parts to the bone, and entering the elbow joints anteriorly The laceration involved 
approximately two-thirds of the circumference of the arm The radial and median 
nerves were severed as were the brachial artery and accompanying veins As a result 
of muscle retraction the wound gaped widely The forearm and hand remained pale, 
cold and pulseless following removal of the tourniquet 

Opeiahon — The operation consisted of irrigation and debridement of the wound, 
suture of the radial and median nerves The brachial artery defect was bridged with 
a segment of saphenous vein, usig the nonsuture technic, with a 4 Mm vitallium tube 
on each end Twenty milligrams of heparin (2 cc of liquaemin) was given intra- 
arterially upon establishing blood flow through the anastomosis Five grams of sodium 
sulfadiazine was given m saline during the operation Hemostasis was completed and the 
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muscles fascia and skm were sutured Silk technic was used throughout The arm 
was placed m a posterior molded plaster splint with the elbow at right angles An 
excellent radial pulse was felt upon releasing the brachial artery to blood flow 

It was of extreme interest, however, that immediately following complete release 
of the tourniquet and restoration of flow through the anastomosis, the patient began to 
go into shock The B P fell from 160/75 to 90/40 within five minutes, and was 
down to 55/40 during the next 30 minutes m spite of the rapid administration of 500 
cc of whole blood One hundred milligrams of eschatin was given, and the patient 
recovered slowly from shock Whereas 200 mg of heparin in Pitkin’s menstruum 



_________ 

Fig 5 — Arteriogram of Case 2 Taken 34 days after operation Note the patent 
saphenous vein graft is about the same size as the anastomosed brachial artery The slight 
bulge of the upper end of the graft marks a valve site in the vein graft \ 

(Loewe method) was given subcutaneously in the lateral aspect of the thigh, it is 
likely that its action was neutralized in great part b} subsequent transfusions of whole 
blood Within one hour after the conclusion of the operation the entire arm was greatly 
swollen and remained so for many days Edema was so great during the first four days 
a radial pulse could not be felt Oscillometric readings, however, indicated patency of 
the anastomosis The patient’s temperature ranged from 103° to 104° F the first 
three days A prompt fall in temperature followed a shift to penicillin therapy The 
w'ound healed pa ptimum The radial pulse remained excellent and 34 days post- 
operative an arteriogram confirmed the patency of the anastomosis (Fig 5) 

Follow-up 4 months Radial pulse remains excellent Chronaxie studies revealed 
no innervation of the forearm muscles as yet Muscles supplied bv the tourniquet 
damaged ulnar respond to direct stimulation, whereas there is no response from those 
supplied by the sutured radial and median nerves Furthermore, the latter muscles 
are more wasted and fibrotic 

Follow-up 7 months Evidence of beginning nerve regeneration 
Discussion — The similarity of these wounds to war wounds was as fol- 
lows (1) Damage to collateral vessels was extensive because of the location 
and scope of the wounds (2) They w r ere contaminated wounds, with de- 
layed treatment Time elapsed from injury to reestablishment of blood flow by 
anastomosis was eight hours in both cases 
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F H noncontributory P I The pulsating tumor became apparent to the patient 
a few days following a bullet wound His important disabilities were increased sensi- 
tiveness of the leg to cold, decreased exercise tolerance both in the leg and general, 
and exertional dyspnea 

Physical Examination — The heart percussed large and a systolic murmur was 
heard over the precordium B P rt arm 110/40 Examination of the rt leg revealed a 
pulsating mass 5 x 3 cm over Hunter’s canal at the junction of the upper and middle 
thirds A small scar in the overlying skin marked the entrance of the bullet A thrill 
was palpable over the mass and a continuous bruit with systolic accentuation could be 



Fig 6A Fig 6B 

Fig 6 — A &. B Arteriograms of Case 3 A Shows a diodrast visualization of the arterioi enous 
fistula of the femoral artery and rein taken before operative excision of the fistula Note the spas 
modic narromng of the arterj proximal to, and its dilatation at, the fistula site A segment of this 
hugely dilated vein was used as a graft to bridge the arterial defect following excision of the fistula 
B An arteriogram 14 dajs after operation demonstrates the patency of the fistula Note the small 
size of the inter 1 , ening vein graft m comparison with A 

heard Pulsation was faint m the rt popliteal artery and absent 111 the distal arteries 
Obstruction to blood flow through the fistula caused marked bradycardia A roentgeno- 
gram of the heart revealed an increase in the transverse diameter of the heart, most 
marked to the left Hb 14 8 Gm , R B C 5,910,000 

Operation — Excision of the A V fistula, with vein graft bridging of the arterial 
defect by the nonsuture method, using a segment of the accompanying femoral vein 

The fistula measured approximately 1 cm in diameter Pressure closure of the fistula 

caused an increase (from 4 to 8 Mm ) in the diameter of the distal portion of the 
femoral artery Diameter of the artery proximal to the fistula approximated 12 Mm , 
with some thinning of the vessel wall Upon release of the rubber-shod clamps and 
reestablishment of the circulation, the vein graft dilated to 2 cm , but was reduced 
considerably by closing the pernascular tissue snugly around it Following the 
anastomosis there were excellent pulsations in the dorsalis pedis and Posterior Tibial 
arteries Two neeks later, arteriography confirmed the patency of the anastomosis (Fig 
6 ) Blood clotting time was maintained around 55 minutes for eight days following 
operation, using subcutaneous heparin 

Circulation studies before and after operation, using radioactive isotype sodium 

were as follows Circulation time (arm to foot) of the normal (left) leg was 40 
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seconds compared to 30 seconds for the right leg after operation A volume flow to 
the rt foot preoperatively was 40 per cent below the normal left foot whereas 
postoperatively the volume flow to the rt foot was increased to 20 per cent above the 
normal left leg The above studies were carried out at rest 

Folloiv-up — Four months postoperative, slight swelling of leg upon standing for 
long periods winch disappears quickly upon exercise Foot on operated leg feels 
warmer than left foot Plays tennis and goes deer hunting The latter involves walking 
up and down mountains often as much as ten miles a day Examination Rt foot 
warmer than left Pulsation felt over anastomosis, popliteal and foot arteries 
Oscillometnc readings, Lower % Rt —2, L=ij 4 

Comment — It is an established fact that quadruple ligation, with excision 
of the fistula, eliminates the likelihood of recurrence in cases of traumatic 
arteriovenous fistula Likewise, there is little likelihood that gangrene will 
follow this piocedure when done two or more months after injury All con- 
cede that the procedure eliminates the deleterious effects of the disease upon 
the heart Nevertheless, though the patient may be greatly improved symp- 
tomatically following this operation, the affected extremity is larely capable 
of as full exertional response as the normal extremity without the occur- 
rence of some symptoms 

A follow-up on three cases of traumatic arteriovenous fistula of the femoral vessels 
treated b\ ligation, with excision of the fistula were as follows One man, age 26, 
reports discomfort in the calf of the leg when walking as long as two years after 
operation A 29-year-old man, now four years since operation, is capable of -walking 
only two miles at a slow pace without developing leg fatigue and pam, for this reason 
he was discharged from the Army The third case, a professional dancer, age 30, 
has not been able to resume his work because of leg symptoms, now five years since 
operation In none of these cases was the individual able to indulge in the vigorous 
sports or exercise to which they had been accustomed before receiving their injury To 
compare with these results, we cite a case of'arteriovenous fistula of the popliteal vessels 
upon whom one of us (A H B ) operated upon in 1934 Patency of the parent vessels 
was successfully maintained in this case, with elimination of the fistula by reconstructive 
aneurysmorrhaphy The young man took up professional boxing after operation and 
has carried on with vigorous exercise, remaining completely symptom free Now, eight 
years since operation, pulsation of the arteries is equal m the two feet There was no 
section of sympathetics at operation in this case 

It would seem worth while to maintain the patency of the parent artery 
particularly in cases of arteriovenous fistula of the leg We believe vein 
graft bridging, using the nonsuture technic, will make this feasible m a great 
percentage of cases This affords a chance for complete restitution of func- 
tion under all exercise conditions — an important item particularly to the 
soldier or young man In our case the young man’s greatest ambition was 
to regain his laurels as an amateur skater 

A case is presented illustrating the use of the nonsuture method of 
blood vessel anastomosis for vein graft bridging of the arterial defect fol- 
lowing excision of peripheral arterial aneurysms 

Case 4 — No 680199 E P A 62-year-old colored male was admitted to P H, 
August 29, 1942, complaining of a painful, pulsating swelling on the inner side of the 
nght thigh of four weeks duration P H Admits the presence of a primary lesion 
at age 20 P I Onset of the swelling on the thigh followed two weeks after a 
sudden muscular effort to prevent a fall 
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Physical Examination A markedly arteriosclerotic individual appearing older 
than his years B P 158/88, heart slightly enlarged Examination of the right 
leg revealed a pulsating mass, 8 \ 6 on , over the region of the distal end of Hunter's 
canal A systolic bruit was heard over the mass Pulsation was present but diminished 
in the rt popliteal and foot arteries Laboratory Kline ++++ Electrocardiogram 
revealed left axis deviation 

Operation — Excision of the aneurysm with restoration of blood flow by vein graft 
bridging of the arterial defect, using the nonsuture method, double vitallium tube technic 
The aneurysm arose at the femoropophteal junction, and was 8 cm in diameter Throm- 
bosis of the accompanying vein necessitated taking a segment of femoral vein from the 
left leg for use as a graft The anastomotica magna artery was compromised by the 
pressure of the aneurysm The parent artery was markedly arteriosclerotic with eggshell 
mtimal plaques The patient had been given dicoumerol preoperatively, with the idea 
of combining its use with heparin so the latter could be discontinued shortly after 
operation A misjudgment in their use resulted in a two-hour clotting time for hours 
postoperatively The amount of blood given necessaiy to overcome this caused cardiac 
decompensation, with massive edema, which resulted in our inability to palpate a pulse 
in either leg Repeated oscillometric readings, however, revealed the anastomosis to be 
patent for 72 hours after operation Fortunately, by this time, collateral circulation 
had developed sufficiently to maintain the viability of the leg A diodrast study of the 
rt femoral artery two weeks after operation confirmed the thrombosis of the anastomosis 
and demonstrated patent collaterals 

Follozv-np Patient was placed on antiluetic therapy Buerger’s exercises were con- 
tinued because of inability to feel arterial pulsations in either foot He returned to his 
work four months after operation, and has worked ever since He states the right leg 
becomes more tired than the left on exercise Now two years after operation 

Comment — We did not attain the ideal, namely, the restoration of a 
normal, pulsating volume blood flow permanently through the parent artery 
in this case However, the fact that the anastomosis did function for three 
days is, in our opinion, the reason why gangrene failed to occur following 
operation Whereas, the presence of numerous sclerotic mtimal plaques was 
undoubtedly responsible for the initiation of thrombus at the site of the 
anastomosis m this 62-year-old man It seems likely that the diminished 
rate of blood flow, a result of cardiac decompensation, was a contributing 
factor At any rate, it is reasonable to suppose that the anticoagulant ther- 
apy may have prevented extension of the thrombus to occlude important 
collateral branches 

It is not reasonable to expect maintained patency m the anastomosis of 
badly degenerated, arteriosclerotic vessels, irrespective of the method or 
adjuncts employed It is our opinion that the nonsuture method will attain 
a high percentage of successes when employed m cases of syphilitic or trau- 
matic peripheral arterial aneurysm not complicated by severe arteriosclerosis 
In stating the above opinion, we hasten to caution against its indiscriminate 
use, however Restoration of blood flow by vein graft bridging usually 
necessitates preliminary excision of the aneurysm The latter procedure is 
far more destructive to collateral blood vessels than the operation of oblitera- 
tive endo-aneurysmorrhaphy deused by Dr Rudolph Matas Therefore, the 
location of the aneurysm m relation to important collateral branches and other 
considerations m the particular case should govern the decision as to the 
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choice of methods, though all may agree that restoration of flow is the ideal 
and ofteis the best chance of complete restitution of function 

PORTAL-CAY AL ANASTOMOSIS BY THE NONSUTURE METHOD 
FOR THE RELIEF OF PORTAL HYPERTENSION 
A more common cause of poital hypertension is obstruction to the flow 
of poital blood thiough the liver due to Laennec’s (portal) cirrhosis Or, 
cases of congestive splenomegaly (Banti’s syndrome) m which the obstruc- 
tion may be in the portal or splenic veins It has long been appi eciated that 
the successful establishment of a portal-caval shunt would have a beneficial 
eftect upon the control of bleeding in the gastio-intestmal tiact the result 
of portal hypertension v 'The technical ease with which blood vessel anasto- 
mosis may be accomplished, using the nonsuture, vitalhum tube method, 
naturally suggested its application to this vasculai problem 

With the valued cooperation and skillful aid of Dr Allen O Whipple we 
ha\e been able to establish end-to-end anastomoses between the splenic and 
left renal veins following lemoval of the spleen and kidney in five cases 
Operation upon two cases of cirrhosis has been too recent to evaluate the 
results v 

Case 5 — No 690444 A P A five-year-old girl of Polish paientage was first 
admitted to P H 111 October, 1942, with the complaint of abdominal enlargement of 
three months’ duration Family and past history noncontributory Present illness Onset 
with progressive enlargement of abdomen and anorexia Mother had noticed an 
increasing tendency to bruise following minor traumata 

Physical Examination The child appeared chronically ill The pertinent findings 
were confined to the abdomen The latter was protuberant, with visibly distended 
venous channels There was no free peritoneal fluid The liver was enlarged 8 cm 
below the costal margin and was firm, with a sharp border The spleen extended 10 
cm below the costal margin and was very firm Studies revealed a moderate derange- 
ment of liver function Diagnosis Portal cirrhosis, congestive splenomegaly 1 he 
child was placed on a high protein, high vitamin diet and discharged December 1, 1942 
Readmitted to P H May 25, 1943 General condition unimproved On exami- 
nation, the child was markedly anemic The liver and spleen remained enlarged as 
before Three transfusions were given during the next two weeks A stool examina- 
tion was positive for blood Though an esophagram failed to show esophageal varices 
on the 15th day after admission, the child began to vomit large quantities of blood For 
several days blood replacement was carried out by continuous transfusion During the 
ensuing month the child’s condition remained desperate Her hemaglobin could not be 
maintained above the low f 01 ties The ascites that had supervened became irreversible 
Opeiation — July 26, 1943 The child’s abdomen was explored with the hope that 
blood could be shunted from the portal to the caval systems by anastomosing the splenic 
to the renal vein, employing the nonsuture technic 

Pathology The liver was markedly cirrhotic, the spleen eight to ten tunes normal 
m size There was considerable collateral circulation between the splenic, gastric and 
omental vessels Considerable ascitic fluid was present The r ght and left kidnej s 
appeared normal 

Procedure A long left rectus incision was made The spleen was mobilized The 
splenic artery ligated The splenic vein was closed by a serrefine clamp, sectioned near 
the spleen and the latter removed The splenic vein was then dissected proximally for 
a distance of 8 cm and irrigated with normal saline The tail of the pancreas and 
the left kidney were mobilized The renal artery and ureter were ligated and cut The 
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renal vein was mobilized throughout its length A serrefine clamp was applied 
proximally and the vein sectioned near the kidney 

Anastomosis The end of the splenic vein was passed through a special vitalhum 
tube, and everted (cuffed) over the tube The vein was held m place by a No i Deknatel 
silk ligature tied tightly behind a holding ridge on the tube, some 5 Mm from the end 
The renal and splenic vein stumps were irrigated with normal saline The vitalhum tube 
bearing the cuffed end of the splenic vein was then introduced into the stump of the 
renal vein The latter was drawn well up on the tube and secured by a No 3 Deknatel 
ligature passed around the two veins over the tube and tied tightly behind the above- 
mentioned holding ridge This afforded a broad splenic vein mtima-to-renal vein 
intima contact A second ligature of No 1 Deknatel silk was tied, just snug, near the 
end of the vitalhum tube (Fig 1), to prevent blood from penetrating between the 
mtimas 15 mg (15 cc ) of heparin (liquaemin) was given intravenously The serre- 
fine clamp on the splenic vein was removed quickly followed by removal of the serrefine 
clamp on the renal vein Upon opening the anastomosis blood rushed through from the 
portal system via the splenic vein into the caval system via the renal There was slight 
angulation of the splenic vein over the funnel edge of the tube 

Closure The abdomen was closed with near-and-far steel wires, the skin with 
interrupted silk 

Condition The patient left the table m fair condition, having received a transfusion 
of plasma and blood during the operation 

Postoperative Coin sc Heparin was continued by intravenous drip for two days 
On the second day she became distended, dyspneic and stuporous The temperature rose 
to 104° F Oliguria developed, and moist rales appeared throughout the lungs The 
nonprotein nitrogen rose to 85 mg per cent The exact cause of the unfavorable course 
was unknown, but it was felt that “hepatorenal” failure was a contributing factor A 
duodenal tube was passed Large amounts of fluid, blood and massive parenteral doses 
of vitamin “B” complex were given with sudden dramatic results Kidney function 
improved Nonprotein nitrogen dropped to 43 mg per cent on the fifth postoperative 
day, and convalescence from then on was uneventful 

Pathologic Findings Liver cells (microscopic), varying in size, were accumulated 
m large and small islands between wide bands of connective tissue Spleen microscopic 
sections revealed the usual picture of congestive splenomegaly Examination of the 
left kidney revealed numerous cysts, 05 to 2 Mm in diameter, scattered throughout the 
cortex and medulla The c>sts were lined with flattened epithelium In addition, 
small, wedge-shaped areas of scarring and cellular infiltration occur In them the glomeruli 
are sclerotic, the tubules dilated and filled with hj aline casts Lymphocytes predominate 
m the cellular exudate 

The diagnosis of congenital cystic kidney with superimposed infection was a dis- 
couraging finding in this case However, reevaluation seven months postoperativeh 
revealed that she had gained four pounds, had a good appetite, and played actively There 
had been no recurrence of the ascites The superficial collateral veins over the abdomen 
had receded markedly (Fig 7) There was improvement in the hemoglobin (125 Gm ) , 
stool guaiac-negative for blood Urine Concentrated specimen showed many hyaline 
casts, few R B C and W B C , sp gr 1 009, and a faint trace of albumin N P N 
42 9 mg per cent, urea ratio 50 6 Phenolsulphonephthalein excretion 50 per cent 
Many determinations of B P ranged from 110/76 to 126/80 

Rccvaluation 12 months Postoperative July 17, 1944 Appetite good Gaining in 
weight No bleeding episodes, though mother states the child “bruises easilj ” Exam- 
ination B P 124/76 Superficial abdominal veins not prominent No edema or ascites 
Liver edge 6 cm below costal margin Laboratory hemoglobin 1 1 3 , R B C 3,500,000 
Urine Sp gr 1016, alb ft tr , microscopic shows few W B C N P N 464, urea N 
367, urea ratio 791 Total proteins 76 Albumin 408 Gm , globulin 353 Gm Stool 
guaiac-negative for blood 
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Summary of the test pertaining to the liver status befoie operation, 6 and 12 months 
after operation is as follows No change in protein partition (Albumin and globulin 
ratio w as nev er re\ ersed ) An ele\ ated prothrombin time before operation returned to 
normal after operation A tin ee plus cephalm flocculation test and an increased brom- 
sulphalein ha\e surpns.ngl} returned to normal after operation, while the galactose 
tolerance and luppuric acid conjugation tests have shown increased impairment 



Tig ?A Fig 7B 

Fig 7 — A \ B Infra red photographs of the superficial collateral veins in Case V Photo 
graph A was tahen 26 da s following the establishment of a portal caval shunt B Was tal en 15 
months after the establishment of the portal catal shunt 

The patient continued to do well until October 8, 1944, when she felt weak, dizzy, 
and passed three tarry stools Her mother gave the story of a recent nosebleed She 
was admitted to B H and given multiple transfusions over a period of eight days 
The initial hemaglobin of 50 per cult rose to 82 per cent The liver was enlarged, as 
before No ascites present Even after complete restoration of her blood volume, no 
increase in distension of the superficial abdominal veins was noted (Fig 7) She 
entered the hospital with an N P N of 90, which two days later had fallen to 47 9 This 
was a higher N P N figure than recorded during the days of the hepatorenal failure 
immediately after operation The diastolic blood pressure was consistently higher on 
this admission and the systolic somewhat higher During the year and three months 
since operation, the child has increased m height from 40 25 inches to 44 75 , weight 
from 33 lbs to 48 lbs She was discharged October 21, 1944, having a guaiac nega- 
tive stool 

SbMMARi A five-year-old child diagnosed as portal cirrhosis who, after eight 
months, developed massive hemorrhages from esophageal varices and ascites A portal- 
caval shunt was established following removal of the spleen and left kidney Examina- 
tion of the kidney revealed the additional diagnosis of congenital polycystic disease 
The general health of the child improved markedly after operation and this improvement 
v r as maintained over a period of 15 months There was improvement m some of the 
liver function tests and no return of the ascites Frequent examinations of the kidney, 
however, showed gradual increased impairment At 14 months postoperatively the child 
had a nosebleed, and a few days later passed a tarry stool The blood pressure (systolic 
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and diastolic) averaged higher than previous levels, and the N P N was 90 She 
responded to transfusions and is now back at school 

Case 6 — No 756752 M A A 15-year-old girl was admitted to P H, August 
17, 1944, with the history of repeated massive hemorrhages into the gastro-intestinal 
tract since the age of four Such attacks were characterized by tarry diarrhea and 
coffee ground vomitus followed by the vomiting of bright red blood The attacks would 
last from one day to one week, and it had been repeatedly noticed that the spleen, 
which was enlarged, would shrink considerably following each episode of hemorrhage 
During the past four years the patient had experienced at least four attacks, the most 
recent one having occurred two months prior to admission Family and past histon 
otherwise unremarkable 

Physical Examination — This revealed a normal-appearing girl, with the only positive 
finding of an enlarged spleen extending downwards to the level of the umbilicus The 
liver was not enlarged and there were no prominent veins over the abdomen, nor were 
there evident hemorrhoids There was 110 evidence of ascites Laboratory findings of 
interest included evidence of esophageal varices at its lower end, normal serum protein 
and albumin-globulin ratio , normal bromsulphalein test , R B C of 3 9 million, Hb of 
12 Gm , W B C of 4,300, and smear showed a reduced number of platelets 

Course After the establishment of normal renal function bilaterally by intravenous 
pyelography, the patient was operated upon on the 6th hospital day The liver was found 
to be normal, and an anastomosis, using a 7-Mm vitalhum tube, was established 
between the splenic vein and the left renal vein, following the removal of the spleen 
and left kidney Measurement of the pressure m a branch of the coronary vein before 
the anastomosis was 310 Mm of water and following the establishment of the anastomosis 
it fell to 190 Mm of water The postoperative course was uneventful, and she left 
the hospital on the 15th postoperative day 

Follow-up Feels well Has gained 10 lbs No recurrence of bleeding, now three 
months since operation 

Case 7 — No 7541SS J C , a 38-year-old male, was admitted to P H August 
10, 1944, complaining of a sensation of discomfort in the left flank of seven months' 
duration For two months the patient had felt weak and tired Three weeks later 
he developed an acute polyarthritis, associated with fever Improvement in the joint 
symptoms occurred m one week, but for the three weeks prior to admission the 
patient had noted dark urine and mild diarrhea There had been no jaundice, ascites, 
vomiting or evidence of bleeding 

P H revealed an attack of “jellow jaundice” associated with light stools of three 
weeks’ duration at the age of 17 years There was no history of exposure to hepatotoxic 
agents 

Physical Examination — A w'ell-developed male, without jaundice, the liver edge 
was 2 cm below the costal margin at the midclavicular line, and the' spleen was 7-8 cm 
below the left costal margin Laboratory findings revealed the following Hb 13 Gm , 
R B C 43 million, W B C 6,000, with a normal differential count, platelets 66,000, 
urine free from bile Kline Negative Prothrombin time (Orrich) 308 seconds, 
capillary and red blood cell positively normal Bromsulphalein test 60 per cent retention 
m 30 minutes , cephalin flocculation test 3 plus , phosphatase 6 , serum protein 7 5 Gm , 
albumin 3 5 Gm , (A G ratio reversed) globulin 4 0 Gm , bilirubin 1 5 mg Chest 
film normal Plain film Enlarged spleen Complete cystoscopy, with retrograde 
pyelograms, showed no abnormality A roentgenogram of the esophagus showed earlv 
varices 

Course The patient was treated with a high vitamin, high carbohydrate, high 
protein, low fat diet, supplemented with Brewer’s yeast, liver and betabione On the 27th 
hospital day the patient was operated upon and a moderate amount of ascitic fluid was 
present Following the removal of the spleen (weight 620 Gm ) and left kidney, an 
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anastomosis between the left renal vein and splenic vein was carried out, using an 8-Mm 
vitalhum tube The pressure m the coronary vein before the anastomosis was com- 
pleted was 400 Mm of water, and following the completion of the anastomosis the 
pressure measured 240 Mm of water A biopsy of the liver revealed Laennec’s cirrhosis 
of the liver with a moderate degree of healthy-looking hepatic cells in the areas of 
regeneration The postoperative course was complicated by a mild bronchopneumonia, 
and it was necessary to perform several paracenteses He was discharged, on the 21st 
postoperative day 

Follozo-up Six weeks following operation the patient’s only complaint is some 
itching of the skin He has a good appetite Has gained weight and strength On 
examination, he appears much improved His color is good There is no evidence of 
ascites Laboratory findings Serum total proteins 6 7 per cent, S G 4 S A 2 7 
N P N 33 mg per cent Serum bilirubin 2 1 mg per cent Cholesterol 25 1 mg per 
cent Inorganic phosphatase 3 5 mg per cent Alkaline phosphatase 8 9 Brodansky units 
Hippuric acid excretion after one hour — 0 5 Gm Cephalin flocculation test = ± 

Comment — Whereas, there have not been a sufficient number of cases 
operated upon, noi has there been sufficient time elapsed since operation to 
judge the efficacy of this piocedure, the results, so far, appeal to warrant 
turther trial 

The recurrence of an episode of bleeding in the child with cirrhosis (Case 
5) 14 months aftei operation does not, in our opinion, necessarily mean that 
the portal-caval shunt has become blocked It may mean, due to the effects 
of nitiogen retention upon blood pressure, etc , that the combined blood- 
carrying capacity of the shunt and the collateral vessels were overtaxed for 
the time 


SUMMARY 

A nonsuture method of blood vessel anastomosis, using vitalhum tubes, 
is presented Cases are reported to illustrate its use m acute traumatic 
vascular injuries, traumatic arteriovenous fistulae, peripheral arterial aneu- 
lysms, and the establishment of portal-caval shunts for the relief of portal 
hypertension 
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Discussion — Dr Alfred Bi ai ock, Baltimore, Aid Last year at the meeting of 
this Association I took the liberty of speaking about Doctor Blakemore’s method for 
wiring aneurysms and of the excellent results which he has obtained I am sure that 
this method has not received the amount of attention it deserves I am delighted that 
Doctor Blakemore is here m person this year and that he has presented work on the 
use of a nonsuture method for bridging gaps in blood vessels 

I would like to describe briefly the result which followed the use of the vitalhum 
tube in connecting the splenic vein and the renal vein in a patient with cirrhosis of the 
liver This patient, age 47 , became ill iS months ago It was noted that the abdomen 
had increased m size She entered Johns Hopkins Hospital in February of this year, 
and it was necessary to tap the abdomen freciuently, approximately six liters of fluid 
being removed each week There was a temperature elevation each day to approximately 
102 0 F , and the patient’s condition was considered very poor About a month following 
entrance to the hospital a left transverse abdominal incision was made and the spleen 
and left kidney were removed The spleen showed scarring and congestion and a section 
of the liver showed adi'iicel cirrhosis The splenic vein was then anastomosed to the 
left renal vein by the use of a vitalhum tube The patient’s postoperative course was 
fauly uneventful Fluid accumulation within the abdominal cavity continued for a while, 
but at a somewhat reduced rate The fluid accumulation apparently stopped during June, 
and she has not had to be tapped for almost six months (slide) This slide shows the 
vitalhum tube in place, and this slide is a recent photograph of the patient, there is no 
evidence of ascites 

The nonsuture method for connecting blood vessels is of great value when the ends 
of vessels cannot be approximated without tension 1 do not think that the nonsuture 
method has particular merit in the case of anastomosis of the splenic and renal veins 
Anatomically, these structures he very close to each other and I think it is probably 
better to anastomose the veins directly, end-to-end, without the use of tubes As a 
matter of fact, we performed such an anastomosis several weeks ago and no un- 
usual difficulties were encountered These remarks are 111 no way meant to detract from 
the value ot the method which has been devised by Doctors Blakemore, Lord, and others 
As I have indicated, and as is generallv known, it is not alw"> s necessary to use a 
tube in anastomosing blood vessels Doctor Faussig and I have been working on the 
hypothesis that an artificial patent ductus would be helpful in the treatment of pulmonic 
stenosis Approximately a week ago we anastomosed the proximal end of the divided 
left subclavian artery to the side of the left pulmonary artery This was done by arterial 
suture The time since operation has been too short to know whether this 15-months-old 
child will be improved When one can anastomose vessels by the suture method without 
undue tension, it seems to me that the procedure is preferable to the use of a large foreign 
body This statement is made with full realization that there are many instances in 
which part of the length of vessels is destroyed, in which a tube must be used if the 
continuity of the vessel is to be restored It is in such instances as these that the Blake- 
riore method would result in the saving of structures which would otherwise be lost 

Dr. Rudolph Matas, New' Orleans, La I cannot resist the tempting opportunity 
to join in the discussion of Doctor Blakemore’s paper, as I have been deeply interested 
in the success of his experimental studies ever since their publication When I first 
learned the details of his technic, I looked upon Ins sutureless method of uniting divided 
arteries as the culminating point in the long history of arterial reconstruction and repair, 
^nd the solution of a problem which for nearly two centuries has exercised the ingenuity 
of surgeons The ideal of surgery in dealing with injuries of the great arteries has been, 
always, to restore the continuity of the circulation directly through its main channels 
independently of the secondary or collateral branches The innumerable methods which 
have been devised to unite divided arteries suffices to show the importance attached to 
tins principle and the difficulties that have been in the way of its performance 

The great merit of Blakemore’s w'ork is that in his efforts to simplify and perfect 
lus sutureless method of repairing and rehabilitating wounded arteries, he has devised 
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a technic which utilizes all that is best m the experience of his predecessors while avail- 
ing himself of contemporai y discoveries in liemo- and chemotherapy which have pro- 
foundly modified and impio\ed the treatment of war wounds In this w’ay he has created 
a new type of vascular anastomosis which is the embodiment or synthesis of all that 
is best in the old and in the new of lascular surgery By dispensing with the delicate 
and time-consuming methods of sutuie, and by utilizing preserved heterogenous venous 
grafts, already mounted on wtalhum tubes, he has reduced the time limit of anastomosis 
to its minimum terms Besides these technical innovations, he lias reinforced his defences 
against infection by resorting to the sulfas and penicillin , and against thrombosis, by 
the sjstematic use of heparin In this w'aj he has accomplished the great objective of 
1 is endeavors by making the rehabilitation of damaged arteries practicable at the battle 
fronts, m the field hospitals wdieie \ascular rehabilitation is most indicated In this 
lcspect he has improved on the practice of the German surgeons in World War I, who 
anastomosed the arteries by suture on the Carrel principle (with and w'lthout venous 
grafts) and made this the method of election in dealing wuth the mam arteries, only 
resorting to the ligature for minor vessels These operations were performed chiefly at 
base hospitals for pulsating hematomas and traumatic aneurysms which could wait for 
deliberate treatment 

Their statistics show that, despite a considerable number of failures by thrombotic 
occlusion and other causes, the results m the saving of limbs from amputation were, 
•n general, decidedly better than those obtained by the permanent ligation of the vessels 
involved, with sole dependence on the collateral circulation 

It is evident that Doctor Blakemore, by applying his simplified and quick method 
of anastomosis, has made this procedure as available m the field as in the rear hospitals 
and, in so doing, has added a most valuable and timely contribution to vascular surgery 
in general and to war surgery in particular And this is important m view of the great 
increase in the number of w’ounds of the lower extremities caused by ground mines 
and fragmentation of explosive shells and bombs, etc , which are so extensive and 
destructive to the soft parts that they not only damage the main arteries but a large 
area of the regional collaterals, with consequent increase in the amputations of the 
lower extremities 

In going over Doctor Blakemore’s publications I have been impressed by the earnest- 
ness and scientific ability with which he, and his associates, have pursued their experi- 
mental work and the ingenuity with which they have overcome obstacles which have 
blocked the way of their predecessors ( eg , preserving, preparing and utilizing hetero- 
genous venous grafts on a large scale — a sort of bank of venous grafts) 

It is noteworthy that Doctor Blakemore has not minimized the importance of the 
collaterals, despite his special plea for the major circulation In fact, he is concerned 
m the best means of prolonging their functional efficiency His classifications of war 
wounds according to the extent and degree of the damage done to the circulation shows 
that he is not indiscriminate in the selection of the cases m which his reparative anasto- 
mosis is really indicated 

After reviewing the experimental and clinical evidence of the practical efficiency 
of the ‘‘sutureless anastomosis” so convincingly presented in Doctor Blakemore’s pub- 
lications, it would seem that nothing remains but to test lus procedure at the battle 
front, in the special type of casualties which this monstrous war so abundantly and un- 
fortunately provides 

In the meantime, Doctor Blakemore, and associates, aie entitled to congratulations 
and praise for an achievement which marks the most notable advance m the con- 
temporary surgery of the peripheral blood vessels 

Dr Arthur H Blakumore, New York, N Y (closing) Doctor Blalock has 
presented two cases of cirrhosis of the liver m which he performed splenic-venal vein 
anastomosis for the relief of portal hypertension He demonstrated, in the second case, 
his complete mastery of blood vessel suture technic m choosing to perform a suture 
anastomosis This was a surgical feat deserving of the highest congratulations 

I want to express my appreciation to Doctor Matas for his most generous remarks 
1 welcome this opportunity to thank Doctor Matas m behalf of my associates and myself 
for the many wise and helpful suggestions he has given us in the development of this 
work 
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END-RESULTS IN THE TREATMENT OF 
HYPERPARATHYROIDISM * 

Roy D McClure, M D , and Conrad R Lam M D, 

Detroit, Mich • 

FROM THE DEPARTMENT OF SURGERY OF THE HENRY FORD 'HOSPITAL, ‘DETROIT, MICH 

The early thirties were the golden years of progress m the surgery of 
the parathyroids m this country Pioneei work was done by Ballin and 
Morse, 1 of Detroit, but the Boston group easily outstripped all the other 
clinics by finding and operating upon 78 cases in 12 years 2 ’ 3 > 1 Since Cope, 
of that group, maintains that this large series was attained without a great 
number of referrals fiom a distance, it seems almost necessary to postulate 
a geographic factor During the same period, only 15 cases of hyperpara- 
thyroidism, proved at operation, were encountered at the Mayo Clinic, 5 and 
only six cases have been recognized at the Henry Ford Hospital Un- 
doubtedly, both of these clinics were well enough aware of at least the skeletal 
manifestations of the disease at an early date because Pemberton’s 6 successful 
removal of a parathyroid adenoma antedated the operation on Case 1 of the 
Boston series by more than a yeai and, m 1931, one of us (R D McC ) 
searched for an adenoma in the neck of a patient with marked osteopoiosis 
The pathologist could find no parathyroid tissue m the excised specimens, 
and in the light of fuller knowledge of calcium metabolism, tins particulai 
case cannot be classified as one of hyperparathyroidism, but it may be woith 
while to record that following exploiation and partial thyroidectomy, the 
patient ceased to have bone and muscle pam for which he had sought relief 
He died four years later of carcinoma of the sigmoid 

No attempt will be made to give a complete account of all the symp- 
toms and signs which may be encountered m disease of the parathyroid glands 
The history of urinary calculi, skeletal abnormalities, particularly pathologic 
fractures, bone and muscle pains and even such general symptoms as lassi- 
tude and constipation should arouse suspicion Roentgenograms of the 
skull and long bones give confirmatory evidence Laboratory tests clinch the 
diagnosis Typically, there is elevation of the serum calcium and phos- 
phatase, and lowering of the serum phosphorus There is a negative calcium 
balance as a result of the increased urinary excretion The urine test 
described by Sulkowitch gives a rough estimation of this calcium loss 7 
In our small series of six cases may be found examples of all of the 
clinical types of hyperparathyroidism, classic von Recklinghausen’s disease, 
osteoporosis with and without renal stones, renal stones alone and a type 
which has been called acute parathyroid poisoning It is to the credit of the 
Boston group that their series included no instance of the latter type, which 
is associated with the implication that specific surgical treatment was with- 
held or delayed until there was a fatal issue Such was the unfortunate 

v Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 


454 



Volume 121 
Number 4 


HYPERPARATHYROIDISM 


lesult in Case i of oui senes, which is included even though the patient was 
never seen by a general surgical consultant 

CASE REPORTS 

Case i — K E (169909) was a white woman, age 44 She was admitted to the 
Henry Ford Hospital, November 3, 1931, with the complaint of pain in the right chest 
and right thigh Four months before, she had sneezed violently and felt a tearing 
sensation 111 the right side Pain persisted and two months later theie was also dis- 
comfort 111 the right thigh fust previous to admission, the simptoms of dispnea, 



Fig 1 — Case 3, shortlj after operation Note the extreme emaciation 

weakness and anorexia appeared The chief finding on physical examination was 
dullness at the right lung base, which was correctly interpreted as fluid Three 
hundred cubic centimeters of serosanguineous fluid was removed by thoracentesis An 
examiner reported that this fluid contained “many blood cells and a few large cells with 
abundant cytoplasm and hyperchromatic nuclei suggestive of a malignant process ” 

Roentgenograms of the right femur showed “A destructive process involving the 
lower one-tlurd of the bone There are several areas of decreased density seen in the 
anteroposterior position which would appear to be separated from each other by more 
or less normal bone The picture suggests metastatic malignancy ” 

These two “suggestive” findings were so convincing that an excellent internist then 
stated “Further investigation is of academic interest only She is financially unable 
to have more studies, and from the practical standpoint, it makes no difference since 
m any event the outlook is hopeless She should be kept in bed to prevent a pathologic 
fracture ” Deep therapy was administered to the femur and she was discharged on 
December 2, 1931 She was readmitted on December 26, 1931, on account of inability 
to eat and vomiting In four days of symptomatic treatment, she felt well enough to 
go home As she stepped into a waiting automobile, the left leg collapsed She was carried 
back to her room, and roentgenograms showed a pathologic fracture of the lower third 
of the femur, for which skin traction was applied 
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Dr Carl Badgley saw the patient on December 31, 1931, and stated “The develop 
ment of pathologic fracture m the left leg, with roentgenologic evidence of cystic de- 
generation with similar lesions de\ doping elsewhere in the skeletal framework, makes 
the possibility of a paratlnroid lesion lesulting in an osteitis fibrosa cjstica presumptive 


We w'ould like to know r how authoritatn 
pleural fluid is Calcium and phosphorus 
studies arc advised Also, it is suggested 
that Doctor McClure see the patient 111 
consultation with regard to the ad\isabilitv 
oi paratlnroid surgen ” On this day the 
serum calcium was 143 mg and the phos- 
phorus was 2 37 mg 
January 8, 1932 Continues to be nause- 
ated and \ omits nearh e\en day 
January T3 Serum calcium, 194 mg, 
phosphorus 3 88 mg 
January 20 Hemoglobin 9 2 Gm Mental 
status \ ery cloudy 

Tanuary 25 Carbon dioxide combining 
power, 685 vols per cent (alkalosis from 
\omiting) 

February 13 Temperrtuie higher Pa- 
tient \ery pale, with a waw appearance 
Serum calcium, 142 mg, phosphorus 625 
mg 

February T4 Patient weaker, unable 
to drink through tube Temperature 103° F 
February 15 Patient expired 
Avtops\ It was found that the para- 
thyroid glands were diffusely enlarged, and 
the microscopic picture was that of hyper- 
plasia There w'ere calcium deposits in the 
lungs, kidney s and blood vessels The cystic 
areas in the bones show r ed the usual picture 
of ad\anced osteitis fibrosa cystica 


the repoit of the malignant cells in the 



A B 


Tig 3 — A Femur, Case 3, before operation, 
shows lacunar osteoporosis 

B Femur, eight jears after parathjroid tumor 
was remoaed 


This case is very similar to that reported by Hanes s Dr Fuller Albright 
wmote Dr Hanes “Jt is my belief that your patient died of parathyroid poison- 
ing which is a complication of hypeiparathyroidism, which occurs when the 
blood calcium rises above a certain critical point At this critical point the 
serum phosphorus, instead of being low, starts going up because phosphorus 
is no longer diffusible at very high levels of calcium The thing which would 
have alarmed me about your case was not so much the high calcium as the 
absence of low phosphorus ” Surgery w^as not carried out on Hanes’ case 
on account of the unexplained fever In our case, the record fails to disclose 
why the suggestion of a general surgical consultation was not followed through 


Case 2 — Already reported m the surgical literature 9 E D, (196988), female, age 
Si, showed the lesions of typical osteitis fibrosa cystica and a pathologic fracture of a 
femur In March, 1934, a cystic parathyroid adenoma imbedded in the low'er part of the 
right thyroid lobe was removed There was immediate symptomatic improvement, but 
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the patient expired four months later m an hypoparathyroid state It must be presumed 
that the blood supply to the remaining normal parathyroid glands was disturbed by the 
operative procedure 



Tig 4 — Parathy roid adenoma remo\ed from Case 3 



Fig 5 — Photomicrograph of tumor from Case 3 It is composed 
of oxyphilic ceils 


It is more of a pleasure to report on the follow-up of the remaining four 
cases in our series 

Case 3 — J H, (229176), a toolmaker, age 51, was admitted on January 18, 1936, 
complaining of "rheumatism” of seven years duration Over this period, stiffness and 
pam which began in the feet gradually intolved the knees, shoulders and elbows Marked 
muscular weakness appeared and this progressed to the point where walking was difficult 
Constipation was troublesome There was a weight loss of 30 pounds The patient 
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presented a picture of cachexia (Fig i) There was little or no subcutaneous tissue, 
the flaring costal margins accentuated the scaphoid appearance of the abdomen General- 
ized bone tenderness was present The dorsal spine was kyphotic Urinalysis was 
normal Wassermann negative The blood count indicated secondary anemia, with 
3,400,000 red blood cells and 45 per cent hemoglobin 

The marked emaciation, anemia and constipation suggested the provisional diagnos.s 
of gastro-mtestinal malignancy However, Dr F J Sladen noted that the past history 
contained a note of three attacks of urinary stone passage and suggested studies of 
parathyroid function Roentgenograms of the skull showed the typical granular 
appearance (Fig 2 A) and the long bones > ^ 

showed osteoporosis of the lacunar type 

(Fig 3 A) There was maiked denim- ' ^ ^ 

erahzation of the spme Small areas of "" 

calcification were seen throughout both kid- 
ne\ area The diagnosis of In pci parathy - 
roidism as confirmed by the finding of a 
serum calcium of 19 3 mg , serum phos- 
phorus of 3 53 mg , and phosphata c e of 7 13 
Bodansky units Careful examination of 
the neck revealed the probable existence of 
a nodule m the region of the right lobe of 
the thyroid gland 

Opiiatio )' — February 3, 1936 The usual 
thyroid exposure was affected A plum- 
sized tumor lay behind the right lobe of 
the thyroid, displacing it fonvard It 
could be lifted out of its bed easily, since 
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Fig 6 — Case 3, eight years after operation 


the vascular attachments were long The tumor weighed 13 Gm , and measured 
3 x 25 x 1 7, cm (Fig 4) Micioscopic examination of the tumor revealed it to be 
an adenoma composed chiefly of oxyphu cells (big 5) 

The day following operation, the patient stated that he felt better than he had 
m months On the second postoperative day, the serum calcium w T as 9 mg and five 
days later it w r as 78 mg He w'as given a high calcium diet and cod liver oil On 
March 2, an inguinal hernia w f as repaired and he w r as discharged shortly thereafter He 
returned to wmrk in May By November, he had gained 44 pounds The recalcification 
of the bones w'as watched by frequent roentgenograms Two years after operation, 
there was little abnormal Recent pictures of the skull and a femur show normal bone 
architecture (Figs 2 B and 3 B) Slight calcification in the kidney areas has persisted 
and the patient recently consulted the Urology Department about mild urinary symptoms 
The phenolsulphonphthalein test showed normal kidney function His general health 
is excellent, and he w r orks regularly as a toolmaker in a w’ar plant (Fig 6) 

Case 4 — C B, (50822), white, male, age 19, w 7 as seen in consultation by the 
senior author at the Charles Godwun Jennings Hospital in January, 1938 The patient 
had been troubled with renal calculi since August 1, 1937 Early roentgenograms 
(Fig 7) had showm a number of stones on the right side and one on the left Several 
cystoscopic procedures w-ere carried out by Dr G E Chittenden during the next four 
months There was marked increase in the size of the stones in the right kidney 
(Fig 8), and on January 12, 193S, Doctor Chittenden removed some of the stones 
by pyelotomy and left in a nephrostomy tube Progress roentgenograms showed many 
stones remaining On January 26, the serum calcium was 158 mg Dr Robert C 
Moehhg saw the boy in consultation and advised exploration of the neck for para- 
thvroid tumor A radiograph of a femur showed little deviation from the normal 
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Opetafion — Februaiy i, 1938 The vicinity of the right lobe of the thyroid was 
explored first and no definite parathyroid tumor could be found At the tip of the 
lower pole, attached to the thyroid gland, was a small round body about one centimeter 
in diameter, with the biowmsh-red color of thvroid tissue The left lobe was then 
examined and nothing unusual was found in contact with any part of it About one 
centimeter below and lateral to the lower pole, there could easily be seen a definite, smooth, 



Fig 7 — Roentgenograms of kidney areas on October 15, 1937 Case 4 


encapsulated oval structure, about 2 x 1 5 x 1 cm m dimensions, of about the same con- 
sistency as noimal thyroid tissue and foi the most part, of a browmsh-ied color The 
structure was loosely attached to the base and sides of the left thyroid fossa by delicate 
blood vessels and areolar tissue This was thought to be the parathyroid tumor, and 
it was excised The nodule attached to the lowei pole of the right lobe of the thyroid 
was also removed The pathologist, Dr F W Hartman, reported that the ovoid 
tumor from the left side was a parathyroid adenoma composed mainly of chief cells, 
while the nodule from the right was thyroid tissue (Fig 9) 

His convalescence was uneventful Roentgenograms ten days later showed a diminu- 
tion in the size of the calculi in the right kidney On February 14, the serum calcium 
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was 109 mg Roentgenograms taken on August 2, 1938, showed no sign of calcification 
about the kidneys (Fig 10) Six years later, in August, 1944, there were no urinary 
symptoms and no roentgenograplnc evidence of stones 

Case 5 — R K, (287639), white, female, age 14, was admitted on the orthopedic 
service, February 6, 1939, complaining of “knock-knees” The legs had been straight 
a year before, but there had been rapid development of the genu valgum deformity 



Fig 10 — Roentgenograms of kidney areas on August 2, 1938, Case 4, showing 
disappearance of all kidney stones 


(Fig 11 A) For several months, she had been taking extra calcium and vitamin D 
on the advice of her physician The serum calcium averaged 153, the phosphorus 261, 
and phosphatase 6 37 Bodansky units A calcium balance study showed a calcium 
excretion of six times normal Roentgenograms of the knees showed the marked genu 
valgum deformity with persistence of the epiphyseal lines Osteoporosis, with coarse 
trabeculation, was seen in the long bones and the skull showed a granular type of 
osteoporosis 

Operation — March 4, 1939 The region of the right lobe of the thyroid was explored 
first, and no tumor was found On the left, below and lateral to the lower pole, there 
was a bean-shaped body, measuring 2x1x1 cm , darker red in color than thyroid 
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tissue (Fig 12) The tumor was found to be an adenoma composed of chief cells 
(Fig 13) On the second postoperative day, the patient had a positive Chovstek sign 
and some numbness and tingling of the fingers Calcium and viosterol medication was 
started lmmediatch and the signs of impending tetany disappeared within a few hours 
Convalescence was otherwise uneventful Tluee weeks after the operation, the serum 
calcium was 102 mg, phosphorus 304, and phosphatase 439 units 



A B 

Fig 11 — Case 5 A Preoperatne photograph, March, 1939 
B Postoperative photograph, October, J944 


It was presumed that an osteotomy would be necessary for the correction of the 
deformity of the knees However, when the patient was seen for follow-up, Novembei 
xi, 1939, the malleoli were already three inches closer She stated that she was less 
nervous and did not tire as easily She was not seen for five years Follow-up letters 
were not answered, possibly because the patient and her father feared that the operation 
would be insisted upon However, in October, 1944, she deemed it safe to return 
A gratifying correction of the genu valgum had taken place (Fig 11 B) Serum calcium, 
phosphorus and phosphatase were normal 
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Case 6 — C S, (3H 593), female, age 18, was admitted to the hospital, May 19, 
1940, complaining of a lump in the neck and pam in the right hip Inspection of the 
neck revealed an obvious nodule m the region of the right lobe of the thyroid (Fig 14) 



Tig 12 — Photograph -it operation (Case 5) showing paratlnroid adenoma in situ, where it lay behind 
the lower pole of the left lobe of the thjroid 



Fig 13 — Photomicrograph of adenoma (Case 5) 


Roentgenograms showed typical osteitis fibiosa cystica On May 24, the serum calcium 
was 165 mg, phosphorus 29 mg, phosphatase 13 Bodansky units 

Opnation — May 28, 1940 No tumor could be found on the left side On the right, 
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Fig 14 — Case 6 , showing visible nodule in the neck 
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Fig is — Photomicrograph of adenoma removed from Case <5 
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there was a definite tumor which felt as though it were behind the thyroid gland, 
pressing up into it The entire right lobe of the thyroid including this nodule was 
removed The tumor proved to be a parathyroid adenoma of the chief cell type (Fig 15) 
Two days after the operation, the serum calcium was 6 9 mg , the phosphorus 3 22, 
and the phosphatase 3 2 She was given large doses of calcium and vitamin D There 
was an increase in the serum calcium, and she was discharged on June 8 However, 
it was necessary to hospitalize her again on June 10 on account of the appearance of 
numbness and tingling of the fingers suggestive of impending tetany After a week - 
of calcium therapy, she was discharged Follow-up 111 December, 1944, showed the 
patient to be asymptomatic Progress roentgenograms revealed considerable recalci- 
fication of the bones Serum calcium (not fasting) was 11 mg 

SUMMARY 

Six cases of hyperparathyroidism have been reported One patient did 
not have surgical intervention, and expired with the picture of acute para- 
thyroid intoxication Adenomata were removed from the other five patients 
One of these died four months after operation in an hypoparathyroid state 
The remaining four patients have been followed from eight to four years 
after operation, and appear to be normal individuals 

It is hoped that the report of this small series will serve as a reminder 
of the existence of the disease of hyperparathyroidism, and that it will en- 
courage further reports of late results 
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Discussion — Dr Frank H Lahey, Boston, Mass I think it is a very nice thing 
to have the subject of hyperparathyroidism brought up occasionally because I am sure 
that a great many parathyroid adenomas are being overlooked constantly 

I would always like to pay tribute to the group at the Massachusetts General Hos- 
pital, in Boston, who have done such fine work on parathyroids, and particularly to 
Doctor Fuller Albright 

I would particularly like to call attention to the danger of tetany in these patients 
with hyperparathyroidism who have had parathyroid adenomas removed In the slides 
will be shown a large parathyroid adenoma (Fig 1) removed from a patient with hyper- 
parathyroidism about two weeks ago, and the calcium estimations morning and night 
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immediately after operation (Fig 2) It is of interest to note how rapidly the blood 
calcium can drop in 48 hours to half the point at which it was before operation We 
must all realize that many of these patients with hyperparathyroidism, unless they are 
watched carefully, will go into tetany and will unnecessarily go through the emotional 
ordeal of this frightening episode We must all realize that the overactive parathyroid 
adenoma largely takes over the function of the other paraythyroid glands and so these 
patients require a few weeks before their remaining parathyroids resume their activities 
after the toxic adenoma has been removed We have been extremely careful to protect 
these patients from tetany, who have had parathyroid adenomas removed, with administra- 
tions of calcium and A T -10 and to withdraw this medication gradually so that more 
and more load can be thrown upon the remaining parathyroid glands, and so that they 
will gradually resume their activities 

We ha\e learned a good deal in our search for parathyroid adenomas about the 
locations where they can be found One should never fail to release the upper pole of 
the thyroid by tying the superior thyroid artery and vein and pulling the upper portion 
of the thyroid away from the larynx because the upper parathyroid is so frequently 
behind the upper pole, and gets molded into the gland We have reported three mtra- 
thyroid parathyroids found at tins point 

Another thing which is of great assistance is to expose the inferior thyroid artery 
carefully and dissect it in a dry field from well down behind the common carotid up to 
its entrance into the gland, carefully preserving each branch If a branch is found com- 
ing off the trunk and running toward the mediastinum, and tins branch is followed down, 
it will often lead to a mediastinal adenoma or an adenoma in the areolar tissue beneath 
the clavicle 

I am sure we need to do more frequent blood calcium determinations in people with 
nerve root pressure symptoms, with muscle pains, with kidney calcification and renal 
stones, m order that we can discover parathyroid adenomas before these patients have 
reached the stage of osteitis fibrosa cystica or before spontaneous fractures have 
developed 

Dr Hugh A Gamble, Greenville, Miss I want to emphasize the remarks of Doctor 
Lahey, that the disease is not as rare as we think I am from a rural district and a 
small community, and I have seen two cases of this condition diagnosed preoperatively, 
with recovery in both cases 

There is another phase of the subject I would like to emphasize I believe that the 
parathyroids have more to do with calcium metabolism than any other organs We see 
a great many cases of postmenopausal osteoporosis of the spine m which there is de- 
calcification of the spine and the spinal vertebrae become crushed These patients 
suffer a great deal Personally, I believe the parathyroids have much to do with this 
decalcification, and while the blood picture is not usually changed as much as we find 
in adenoma of the parathyroids, the blood calcium is usually elevated above normal 
and the phosphorus is lower than the average 

In three of these cases I have at operation demonstrated the parathyroids and 
removed half of them Two patients were relieved entirely symptomatically and the 
progress of the disease was stopped The third patient obtained no relief I think, 
however, that a further study relative to the influence of the parathyroids upon post- 
menopausal osteoporosis of the spine is well worth emphasizing 

A few years ago Albright brought out a report of 42 cases of this condition in which 
he claimed that the pathologic changes present were always due to postmenopausal 
conditions He reported only one case in this series of adenoma of the parathyroids 
However, I am firmly convinced that the absorption of calcium in this condition is more 
influenced by the action of the parathyroids than m any other way, and I feel that 
these patients should be studied more carefully and our results m their treatment would 
no doubt be improved 

Dr Thomas D Sparrow, Charlotte, N C Doctor McClure and Doctor Lam have 
given us a most interesting and instructive discussion of the end-results of the treatment 
of hyperparathyroidism Perhaps the remarks that I am about to make are not germane 
to this discussion, however, it does concern the activity" of the parathyroid gland and 
the result obtained in its removal 
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Many authors have questioned whethei or not the parathyroids are an etiologic 
factor in calcinosis universalis Since in this condition there is a definite disturbance of 
the calcium metabolism, the finger of suspicion is at least pointed to the parathyroid 
glands The fact that as a rule the blood calcium and phosphatase are normal in calcinosis 
universalis, would lead to the opinion that there is no active hyperparathyroidism in 
this disease 

Ramsdell has remov ed the parathyroid in several cases and has reported improvement 
of the condition he suggests that this may be due to a dysfunction of the parathyroid 
rathei than to an hyperparathyi oidism 

My reason foi entering this discussion is that recently we have had the opportunity 
of observing a case of calcinosis umveisahs in which the parathyroids were removed and 
in which there was a high blood calcium and a high phosphatase I would like briefly to 
report the results obtained in this case 

On September 9, 1943, a boy, age 12, was admitted to the Orthopedic Service of the 
Charlotte Memorial Hospital, complaining of a swollen, tender right knee, and numerous 
nontender masses on both thighs, about the knees, elbows and in the axilla These 
masses had been present for thice months The right knee had been very tender and 
painful for about one week Three veais prior to this admission, the patient had com- 
plained of severe pain 111 his back, and had become very weak and cachectic, with a 
considerable amount of muscular atiophy There were numerous small, firm, ovoid and 
round masses palpable 111 the subcutaneous tissue about the elbow joints and in the 
axilla Both thighs were swollen and fluctuation could be elicited above the knee The 
light knee was very tender and painful His temperature lose to 104° F the next day 
He was given sulfadiazine, and hot applications were applied to the painful right knee 
and thigh On the ninth hospital day the right knee was aspirated and pus was 
obtained, it was incised and drained three days later Thereafter, the temperature 
remained normal On the 15th hospital day the left thigh was aspirated and about 
400 cc of a thick, white, milky-looking fluid w’as obtained which, on analysis, showed 
calcium 3 7 mg per 100 cc , protein 7 8 mg per 100 cc , and cholesterol 200 mg per 
100 cc 

A pathologic study of a biopsy on one of the masses near the elbow showed it to 
be a calcium granuloma The roentgenologic examination led to the diagnosis of calci- 
nosis universalis This diagnosis was questioned when it was known that there vw'S a 
high blood calcium and a high phosphatase present The tests were checked and 
rechecked and run against normal controls, and proved to be correct readings Because 
of the high blood calcium and high blood phosphates it was decided to perform a 
parathyroidectomy 

Under general anesthesia, two parathyroid bodies were identified and removed 
Histologic examination proved the tissue to be parathyroid bodies 

The laboratory findings were as follows 


Date 

Calcium 

Phosphorus 

Phosphatase 

Sulhow itch Test 

9-13-43 

9-15-43 

17 6 mg % 

4 3 mg % 

9 8 units 

Markedly positive 

9-17-43 

9-27-43 

1 6 9 mg % 

16 2 mg % 

4 1 mg % 

4 1 mg % 

9 0 units 

Markedly positive 

10-11-43 

15 1 mg % 

4 0 mg % 9 6 units 

RrwovAL or parath^ roid glands 

Markedly positive 

10-20-43 

14 8 mg % 

4 0 mg % 

9 1 units 


10-26-43 

15 0 mg % 

4 4 mg % 

8 3 units 


11-27-43 

12 7 mg % 

4 0 mg % 

6 6 units 

Negative 

1- 3-44 

13 0 mg % 

4 2 mg % 

5 0 units 

Negative 

2-21-44 

14 2 mg % 

3 8 mg % 

5 0 units 

Negative 

4-10-44 

1 1 7 mg % 

3 8 mg % 

4 5 units 

Negative 

8-10-44 

10 8 mg % 

3 3 mg % 

3 8 units 

Negative 

10- 9-44 

16 0 mg % 

4 0 mg % 

2 1 units 

Negative 


1 This case is reported as a case of calcinosis universalis in which there was a 
high blood calcium and high phosphatase 

2 The removal of the parathyroids resulted 111 a marked clinical improvement and 
lowering of the phosphatase (Bodansky units ) 
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3 Parathyroidectomy resulted m reducing of the calcium excretion in the urine 
Whether or not it had any effect on the blood calcium is questionable 

Dr John DtJ Pemberton, Rochester, Minn I want to say a word regarding 
the incidence of this disease, and express my conviction that it is much higher than is 
generally supposed Doctor Lam spoke of our series of 15 cases which we had observed 
up to few years ago About two years ago, one of my colleagues, Doctor Keating, spent 
six months 111 Boston at the Massachusetts General Hospital with Doctor Albright and 
his associates, and since his return we have seen as manv cases of hyperparathyroidism 
m the Majo Clinic as we saw in the ten preceding years 



Fig 1 


Dr Roy D McClure, Detroit, Mich 
(closing) We were keenly disappointed 
m the end-result of our second case This 
was the patient who expired four months 
after operation, with the tvpical signs of 
parathyroid insufficiency The difficulties 
of dealing with such a situation, and the 
feeling of helplessness which one has, 
cannot be stressed too strongly The case 
was discussed with Doctor Churchill and 
it was agreed that it is advisable to carry 
out partial resection of certain of the 
larger adenomas followed by a second stage 
if necessary 

More frequent diagnoses of the condi- 
tion may be expected when doctors are well 
informed of the signs and symptoms and 
are on the lookout for them Urologists, in 
particular, are in an excellent position to spot the cases 


N YPERPA RATHYROIDISM 
C0UR5E OP BLOOD CALCIUM 
AFTER OPERATION 
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CASES OF SEVERE PELVIC INJURY* 

Lt Col Lloyd G Lewis, M C 

Washington, D C 

Pelvic injuries are frequently complicated by wounds of the urethra, 
bladder and ureters, which require immediate diagnosis and prompt surgical 
treatment 

Diagnosis must be made by evaluation of clinical signs Symptoms lack 
specific reference Systematic observation for wounds of entrance and 
exit, ecchymosis, swelling, palpation of tissues for extravasation of blood or 
urine, rectal or vaginal examination and the use of the diagnostic catheter 
will usually establish the diagnosis Cysto-ui ethrography, cystoscopy and 
cystometry may supply confirmatory evidence, are usually not required, and 
may be contraindicated 

When the diagnosis of rupture of the urethra, bladder or ureter is in 
doubt, dram, divert the urinary stream, control bleeding, and repair the 
defect if practicable The scalpel is still the safest instrument in urologic 
emergencies 

The following case leports are of patients wounded or injured on far- 
flung battle fronts, who received their first treatment in emergency stations 
and evacuation hospitals The fact that they are alive is evidence of the 
effectiveness of their initial treatment It would seem profitable to critically 
evaluate their surgery in respect to the four caidmal principles involved — 
drainage for extravasation, diversion of the urinary stream, hemostasis, 
and repair of the defect 

Case i — A 26-year-old soldier, wounded on April 23, 1943, by a machine-gun 
bullet, had the wound of entrance just above the left greater trochanter, the wound 
of exit six centimeters above the right trochanter The missile perforated the rectum, 
the urinary bladder, and injured the right sciatic nerve Debridemenf of the wounds 
was carried out At celiotomy, two sigmoid perforations and one of the ileum were 
sutured , two bladder perforations wei e closed, and the urine was diverted by cystostomy 
He was transferred to an evacuation hospital and then to a station hospital where the 
suprapubic tube was remo\ed on May 10, 1943 Following removal to a general 
hospital on May 14, 1943, he developed intestinal obstruction, and the diagnosis of 
vesico-entenc fistula was made The suprapubic tube was reinserted and a transverse 
colostomy was performed He was transferred to the Zone of the Interior and was 
admitted to Walter Reed General Hospital on September 16, 1943 Urine was draining 
through the cystostomy and from the wound over the right hip He had a foot-drop 
on the right but the major part of the sciatic nerve was uninjured The colostomy 
was functioning well The vesico-entenc fistula had apparently healed Intravenous 
urograms showed a moderate right hydronephrosis, with dilatation of the ureter down 
to a point near the bladder A roentgenogram taken after injection of diodrast through 
an ureteral catheter passed through the sinus tract near the right greater trochanter, 
showed the right ureter dilated below an obstruction at the brim of the true pelvis 

* Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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There was calcification to the right of the bladder, due to deposition of urine salts 
(Fig i) 

On September 12, 1943, five months after mjuiy, right ureterocystoneostomy was 
performed through a right lower quadrant muscle-cutting incision The ureter w'as 
readily exposed on the surface of the peritoneum and freed to the scar near the bladder 
The cut end of the ureter w r as dissected from the fistulous tract w'hich communicated 
with the W'ound in the right hip Anastomosis was carried out by a method very similar 
to the usual technic of uieterosigmoidostomy The bladder was perforated with an 



Fig 1 Tig 2 

Fig 1 — Case 1 Preoperatne roentgenogram showing urethral catheter in place, calcification in 
a fistulous tract behind the ureteral bladder, the bladder itself distended with air An ureteral 
catheter is shown passing through the fistulous tract above the right trochanter The lower portion 
of the right ureter is dilated with contrast media injected through the ureteral catheter 

Fic 2 — Case 1 Postoperative excretory urogram showing excellent function of both kidne> s 
The bladder is irregular in shape, distended with iodide Lipiodol is noted in the fistulous tract in 
front of the right ilium 

Halsted clamp at a point of fixation to the scai A mattress suture of No 1 chionnc 
catgut was placed through the tip of the ureter which had been cut obliquely, the two 
ends of the suture were placed on tw'o curved needles, passed thiough the cystostom) 
opening together and brought out three centimeters below the perforation to fix three 
centimeters of uretei inside the bladder Three chromic catgut sutures were used to 
fasten the ureteral wall to the outer bladder wall The wound was closed with drainage 
Intravenous urograms six weeks after operation showed that the hydronephrosis 
had been relieved and the kidney was functioning normally (Fig 2) On December 3, 
1943, the wounds of the hips which communicated with each other and with the old 
suprapubic wound were curetted, and large amounts of scar tissue and calcified material 
were excised The bladder wounds had healed, and the patient was voiding all of his 
urine through the urethra On January 4, 1944, the colostomy was closed 

Discussion — Critical evaluation of this case shows that the diagnosis of 
lupture of the right ureter was not made, because of inadequate exposure and 
drainage of the perforation on the right side of the bladder Diversion of 
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urine from the bladder was adequate but due to diagnostic difficulty urine from 
the right kidney was allowed to dram through the debnded wound of the 
right thigh Hemorrhage was controlled Ureterocystoneostomy at the time 
of exploration would have pi evented the formation of a fistula and also 
the deposition of calculus in the extravasated wound The patient has 
made a satisfactory recoveiy after foui major operative procedures 

Case 2 — A 2nd Lt , ANC, was injured when a “jeep” in winch she was riding 
overturned on August 19, 1944 She suffered fracture of the pelvis with remarkable 
separation of the symphysis, fracture of the right pubis into the acetabulum, with 
dislocation of the right hip She was taken to a station hospital in severe shock, 
received morphine and plasma She was placed in a plaster encasement temporarily 
because the dislocation of the right hip could not be reduced After passage of a 
diagnostic catheter and draining 200 cc of blood from the bladder, 100 cc of skiodan 
was injected, and 1 oentgenograms taken These films were read as showing no evidence 
of extravasation, however, review of these films definitely indicates mtrapentoneal 
extravasation of iodide (Fig 3) Because of negative roentgenographic evidence her 
bladder w'as not drained, in spite of positive signs of hematuria and perivesical mass 
felt by vaginal examination 

On the second dav after injury cystoscopy was carried out and definite e\idence of 
ruptuie W'as seen of the posterior wall of the bladder Another erstogram was done 
which was also lead as negative Review of this film, again, show's peritoneal extravasa- 
tion (Fig 4) Ihe patient remained in a state of shock, there was extraordmarj 
distention, peristalsis was absent, there w'as tenderness around the umbilicus, the 
patient w'as considered in too poor shape to stand surgery She had a severe chill 
Supportne treatment was continued 

O11 the third dav after injur>, suprapubic incision w'as made and extravasation 
of urine and blood found around the bladder and in the peritoneal cavity Cystostomy 
w'as performed, fluid w'as evacuated from the peritoneal cavity, and perivesical drains 
placed She had a good deal of fever for two w'eeks Penicillin was administered The 
cystostomy tube was removed 011 the 12th day and an urethral catheter placed 

Twenty-three days after injury it w'as noted that there w'as edema and induration 
about the right vulva She W'as transferred to a General hospital where reduction 
of the hip w'as carried out undei general anesthesia and a new' spica applied 

On arrival at Walter Reed General Hospital on October 14, 1944. patient w'as 
w'eanng a hip spica, the hip dislocation had been reduced, the right pubic bone was 
in better position, but there was still marked dislocation at the acetabulum and wude 
separation of the symphysis pubis The suprapubic w'ound had healed She W'as 
suffering from severe pain on urination, referred to the left hip There w'as gross pyuria 

Excretory urogiams showed normal kidneys and uieters The bladder was ovoid 
On urination, iodide seemed to pass m the \ulva tissues to the right of the bladder 
(Fig 5) The penvesical abscess produced by the extravasation finally pointed in the 
right vulva and was drained The tract communicated from the pernesical space 
through the tissues behind the fiactured pubis wuth the incision in the right vulva 
Following this drainage the patient’s temperature returned to normal and her condition 
rapidly improved The bladder wound healed first, follow'ed by the drainage tract behind 
the dislocated pubic bone 

Discussion — The critical condition of the patient at the time of injury 
made surgical treatment hazaidous However, her condition did not im- 
prove by delay in initiating treatment for a ruptured bladder in order to 
obtain conffimatory evidence of rupture Drainage of the prevesical extra vas- 
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Fie 3 



Fie 4 Fig 5 

Fig 3 — Case 2 Cjstogram taken at tlie time of injury, showing w ell filled bladder and extra 
\asation of iodide into the perineum in the pehis 

Fig 4 — Case 2 Cjstogram taken two da>s after injury, showing partially distended bladder and 
iodide free m the peritoneal cavitj Dislocation of the right hip, fracture of the right pubic bone 
into the acetabulum, and wide separation of the symplijsis pubis are noted 

Fig s — Case 2 Urethrogram taken during \01d1ng The pear shaped bladder is slightly irregular 
on the right side The urethral orifice is open and extra\ asation of iodide can be seen behind the 
right public bone, extending into the right vulva 
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ation was inadequate Diversion of urine was accomplished, hemostasis 
obtained, and the defect in the bladder which communicated with the peri- 
toneum was sutured The use of penicillin probably did have profound effect 
upon her peritonitis and perivesical infection It did serve to wall off the 
prevesical abscess, which pointed and was drained seven days after penicillin 
was discontinued 

Case 3 — A 27-year-old sergeant in the infantry, while on duty m the Southwest 
Pacific, suffered a crushing injury of the pelvis, amputation of his left leg at the thigh, 
severe crushing injury of the abdominal contents, and rupture of the bladder and 
membranous urethra, when an ammunition truck overturned The patient was treated 
effectively for shock, his leg was amputated by the guillotine method, his bladder was 
drained suprapubically and he was sent to the nearest evacuation hospital There 
an attempt was made to unite the ends of the urethra by passage of a catheter after 
sounds passed antegrade and retrograde had met m the region of the prostatic apex 
With this catheter in place cystostomy drainage was maintained for some time, but when 
the suprapubic tube was removed no drainage of urine occurred through the urethral 
catheter 

The patient was admitted to Walter Reed General Hospital, three months after 
his initial injury, wearing a suprapubic tube Tbe urethral catheter was in place but 
drained no urine On his arrival the cystostomy wound was dilated to allow introduction 
of the examining finger into the bladder The urethial catheter did not pass through 
the prostatic urethra but entered the suprapubic wound through the space of Retzius 
Roentgenograms showed the catheter to pass to the left of the midline, and to lay 
lateral to the prostate where it could be palpated by rectum 

Under sodium pentothal anesthesia, cystoscopy was carried out by passing the 
panendoscope through the cytostomy opening Fihforms and catheters were admitted 
through the vesical orifice but would not pass for more than two centimeters The 
cystoscope was removed and an attempt was made to pass sounds through the prostatic 
urethra retrograde to meet a sound passed antegrade This maneuver failed 

On July 20, 1944, the operation, as described by Young, was undertaken through 
the perineum There was no difficulty in anastomosing the prostatic apex with the 
torn end of the membranous urethra Drainage was established in the prevesical space, 
from which considerable granulation tissue was curetted A No 24 Foley bag catheter 
was used as an urethral splint 

Nine days after operation a periurethral abscess at the penoscrotal juncture was 
drained On the 10th day a severe secondary hemorrhage occurred which required 
packing of the prevesical space and the perineum At that time the sutures in the 
perineum had sloughed out and there was a two-centimeter defect in the urethra at 
the prostatic apex This was resutured on the iSth day, when there was slight hemor- 
rhage from the perineum Traction was made on the Foley bag to relieve strain on 
the suture line 

Twenty-three days after operation the patient had another severe hemorrhage which 
required opening of the suprapubic wound, packing of the prevesical space, and packing 
of the perineum and the area of the periurethral abscess There was severe sepsis 
of the entire wound To obtain hemostasis the defective membranous urethra was 
again sutured Severe secondary hemorrhage again occurred on the 37th day, after 
two weeks of cessation of all bleeding, and required packing of tbe entire area in 
front of the prostate and urethra 

Discussion — The patient had adequate drainage, diversion of the urinary 
stream, and hemostasis Repair was not immediately undertaken because of 
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the precaiious condition of the patient Later attempted establishment of 
urethral continuity was unsuccessful A false passage was established It 
seems probable that perineal repair of the defect was undertaken too soon 
after removal of the catheter from the false passage Secondary hemorrhage 
is a serious complication m many of our severely wounded Scar, infection, 
and a debilitated patient aie a poor surgical combination Recently we have 
been able to satisfactorily repair the defects 

Case 4 — A 40-year-old gunner ol a B-17 bomber was struck by a 20-mm cannon 
shell, September 27, 1943 Major Herbert Willey Meyer’s notes are quoted “There is 
a large wound of the anteromedial aspect of the left thigh extending from 10 cm 
above the knee to the inguinal region, damaging and destroying the muscles of the 
thigh, the abductor group and the sartonus The femoral vessels are exposed from 
Poupart’s ligament to the midthigh but are still in their sheath The skin of the left 
scrotum is destroyed, the left testicle practically destroyed The right scrotum is 
intact The perineum is extensively damaged There is a strand of tissue eight centi- 
meters long and one centimeter wide, attached to the Corpora of the penis and showing 
some urethral mucosa The entire urethra is divided from the exposed prostate m the 
bulbous portion of the corpus spongiosum The entire perineal body is destroyed The 
skin around the anus is completely a\ ulsed from the anal canal There is a wound of 
the right buttock continuous with the perineal wound, from which there is a steady 
oozing of blood This wound leads along the descending ramus of the pubis and ischium to 
the posterior aspect of the neck of the femur where a large metallic foreign body can 
be felt The inferior pubic ramus and the ischium are fractured Many loose pieces 
of bone are in the tract” 

A rapid colostomy was performed through a McBurney incision The peritoneum 
was not sutured A rubber catheter was placed under the loop for support and the 
external oblique fascia was closed above and below the loop Suprapubic cystostomy 
was performed The wound of the left thigh was excised The left testicle # was removed 
and the scrotum debrided The perineum was debrided and a No 14 F catheter was 
placed through the uiethra The wound of the right buttock was debrided Penicillin 
therapy was instituted and later the wound of the left thigh was grafted 

This patient was evacuated to the Zone of the Interior and was admitted to Walter 
Reed General Hospital February 27, 1944 

On March 30 plastic repair of the urethra was undertaken With the patient in 
the lithotomy position it was impossible to abduct the left thigh because of scar formation 
above the grafted area Relaxing incisions were made in the scar at the left groin so 
that exposure of the perineum was effected A sound passed through the anterior 
urethra was obstructed just behind the penoscrotal juncture Incision was made over 
the tip of the sound By dissecting around the urethra it was possible to bring the penis 
and urethra backward about three centimeters Fihforms and followers entered the 
bladder through the prostatic urethra By means of an inverted U-incision the rectum 
was brought forward to its normal position in the perineum By exploring in the 
wound of the right buttock, mucous membrane was discovered and turned to cover the 
remaining defect in the urethral bulb A large shift of the skin of the right buttock 
was utilized to cover the newly made urethra This procedure left a sizeable defect 
over the buttock behind the ischium There remained a large defect in the region of the 
left scrotum These were covered with petrolatum gauze A No 26 Foley bag catheter 
was used as a splint for the urethra The cystostomy was left open, with a No 32 
Malecot catheter in place 

A small urethral perineal fistula persisted for six weeks and finally healed The only 
complication was the formation of two calculi in the urethra (Fig 6) One was removed 
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Fig 6 Fig 7 

Fig 6 — Case 4 Cjstogram showing perfectly normal bladder and closed vesical orifice There 
is marked dislocation of the fragment of ischium A calculus mar be seen in the bulbous urethra 
rtc 7 ■ — Case 4 Postoperative cj sto urethrogram during voiding The posterior virethra and 
bulbous urethra are filled with iodide iMote that the normal constriction at the external upper 
sphincter is lacking 



Fig 8 


Fig 9 


Fig 8. — Case 4 Postoperative result after urethroplasty, showing grafting scar of the left thigh, 
well healed suprapublic wound and closed colostomy wound 

Fig 9 — Case 4 Postoperative result after urethroplastj showing scar of the right buttock, 
perineum and left thigh The left scrotum has been resected Wounds are well healed Patient’s 
bladder and bowel control are perfect 
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thiougn the fistulous opening, and the other was removed by means of ureteral stone 
forceps, through the anterior urethra (Figs 7, S and 9) After the urethra had 
completely healed and the patient was roidmg normally, the colostomy was closed 
The urethra has been dilated to No 26 F 

Discussion — Extiavasation was prevented and diversion of the urinary 
stieam accomplished by early cystostomy Hemostasis, a serious problem, 
was conti oiled by sutuies and packing Repaii of a large defect m the 
urethra was accomplished after sufficient time had been allowed for wound 
healing and conti acture of scar Conservative emergency surgeiy and the 
use of eveiy available tissue has enabled us to gam a very satisfactory result 
It should be noted that m spite of loss of external sphincter and practically 
all of the perineal and bulbar musculature, noimal unnation is reestablished 

CONCLUSIONS 

The soundness of the foui suigical principles for tieatment of luptures 
of the bladder, urethra and ureter, is established Diainage for the pie- 
vention of 01 treatment of existing exti avasation is immediately imperative 
to save life and lessen morbidity Diversion of urine is essential Hemostasis 
in severe wai rounds may be a serious problem Repan of defects is 
desirable at the time of initial suigeiy, to allow healing with minimum scar 
formation If repair is impracticable at the time of injury, sufficient time 
should be allowed foi healing, scar contracture, subsidence of infection and 
for rehabilitation of the patient, before definitive suigeiy is undertaken 
Several patients with severe pelvic injury, complicated by lupture of the 
bladder and membranous uiethra wdio had repau of defects pei formed at 
the time of injury, have been obseived by us and the results have been 
extremely satisfactory We have also earned out peimeal repair of the 
ruptured membranous uiethra on seven patients who had had drainage and 
cystostonty in whom it was impracticable to cairj out lepair at the time of 
injury, with satisfactoiy results It should be pointed out, however, that 
delayed repair results in more scar foimation Theiefore, early repair is 
preferable whenevei possible 



STUDIES ON TRAUMATIC SHOCK 
V— ' THE TREATMENT OE CLINICAL SHOCK WITH GELATIN* 
Everett Idris Evans, Ph D , M D , and Harold S Rafal, M D 

Richmond, Va 

FROM THE DEPARTMENT OF SURGERY MEDICAL COLLEGE OF VIRGINIA RICHMOND VA 

Even before the outbreak of the present war, considerable interest bad 
developed in blood substitutes, other than plasma or serum albumin, for the 
treatment of traumatic shock, among the list of materials suggested for this 
use was gelatin 

The pertinent literature on this subject, has been reviewed thoroughly in 
two excellent papers which have appeared recently from the University of 
Pennsylvania Surgical Clinic 11 2 Studies carried out by these workers 
have shown that specially prepared ossein gelatin can be given intravenously 
to human patients without fear of adverse pyrogenic antigenic, hepatic or 
renal reaction A rather large clinical experience during the past three years 
has increased our desire, and confirmed our impression, of the need for a 
useful substitute for plasma or albumin in the treatment of clinical shock 
After conversations with Doctors Lockwood and Koop, we undertook to treat 
with gelatin infusions a number of patients suffering from shock due to 
trauma, blood loss, or extensive burns 

The present communication, therefore, is concerned with the effective- 
ness of gelatin in the treatment of 67 patients in shock because of trauma 
to the extremities, chest and abdomen, and 28 severely burned patients, 
where gelatin has been used almost solely as the initial intravenous therapy 
fluid Illustrative case reports are given for each different group of 
patients 


MATERIALS AND METHODS 

Gelatin for mtiavenous use is prepared by hydrolysis, enzymatic or 
chemical, if certain well defined precautions are observed in its preparation, 
a product of rather unusual uniformity as regards viscosity and molecular 
homogeneity can be obtained Through the cooperation of the Blood 
Substitutes Committee of the National Research Council and the gelatin 
industry, a considerable body of evidence on the physicochemical properties 
of gelatin has been obtained m the past two years These studies have 
made it clear that for intravenous use not “any” gelatin solution will 
suffice F01 this leason, the Food and Drug Administration has laid 

* This study was cai ried out under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientfic Research and Development and the 
Medical College of Virginia 

Read before the Fifty-sixth Annual Session, Southern Surgical Association, De- 
cember s -7, 1944, Hot Springs, Va 
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down specific requirements for gelatin solutions when they can be made 
available for general use 

The molecular weight of gelatin varies according to the amount of 
degradation it has suffered in its preparation Whereas serum albumin 
has a molecular weight of about 69,000, that of "lightly degraded” gelatin 
is around 35,000, and “heavily degraded,” about 20,000 

The effectiveness of any plasma substitute in the treatment of shock 
naturally depends to a large extent on the time it remains in the blood 
stream, and this is dependent on molecular size Dr D Tourtelotte* supplied 
us with two types of gelatin solution, the “lightly” and "heavily degraded” 
(designated as P-20 and P-180) The first preparation had been degraded 
by autoclave treatment at 15 pounds for 20 minutes (P-2o), and the second 
by autoclave treatment for 180 minutes (P-180) 

Table I 

RETENTION OF GELATIN P-20 
' Lightly Degraded 







Total 





Plasma 



Circulating 

Gain 




Volume 


Protein 

Protein 

Protein 


Name 

Hour 

Cc 

Hematocrit 

Cone % 

Gm 

Gm 

Notes 

A W 

0 

2099 

48 

6 8 

143 


Given 1000 cc 

P-20 6 0% gelatin 
(60 grams) 


4 

3214 

41 

6 6 

212 

+69 



8 

3189 

42 

6 7 

214 

+73 


E L 

0 

2539 

50 

7 5 

189 


Given 1000 cc 



/ 





6 0% P-20 gelatin 
(60 grams) 


4 

3620 

44 

7 2 

261 

+72 



8 

3833 

45 

7 2 

277 

+88 



CLINICAL SHOCK OBSERVATIONS 

Gelatin has been given to 67 patients m moderate or severe shock due 
to the various causes listed m Table III The “acute blood loss” group 
includes those patients who have suffered lacerations of large vessels from 
knife or razor wounds, with subsequent loss of large amounts of blood 
The “chest injury” group is made up of patients in shock from penetrating 
wounds of the chest, causing injury to such vessels as the intercostal and 
internal mammary arteries, pulmonary vessels, and three patients with stab 
wounds of the heart The “abdominal injury” group comprises those patients 
who have suffered stab and gunshot wounds of the abdomen, or a ruptured 
viscus from direct trauma, in the “skeletal trauma” group are patients in 
shock from simple and/or compound fractures of the long bones or pelvis, 
or traumatic amputations of the lower extremities Blood volume determina- 
tions and hematocrit estimations were made on many of these shock patients 
That shock was due in the main to the decreased circulating blood volume 

* We are grateful to Dr D 4 Tourtelotte and the Chas B Knox Gelatin Company 
for liberal supplies of these solutions for clinical treatment 
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(usually 30-40 pel cent) was borne out by these laboratory investigations 
and also by the recoveiy fiom the serous cavities of large quantities of 
whole blood m many of the opeiated cases We have been conducting, 
therefore, a clinical study of the efficacy of one particular gelatin solution 
m the alleviation of clinical shock of the type that is most important and 
interesting to piacticing suigeons, civilian and military 

From each of these groups of shock patients has been selected a 1 epresenta- 
tive case In the accompanying clinical 1 ecoi d and clinical charts is shown the 
response of these shock patients to intravenously infused gelatin, usually 
in 500-1000 cc amounts 


T\mc II 

RPTrNTION or Gt LATIN P-180 
' Heavily Degraded 

Total 




Plasma 



Circulating 

Gain 




Volume 


Protein 

Protein 

Protein 


Name 

Hour 

Ce 

Hematocrit 

Cone % 

Gm 

Gm 

Notes 

C C 

0 

2075 

44 

7 i 

147 


Given 1000 cc 

6 % P 180 gelatin 
16 O grams) 


4 

2843 

42 

6 6 

155 

+8 



8 

2102 

44 

6 9 

145 

—2 


W M 

0 

2205 

41 

8 3 

191 


Given 1000 cc 

6% P-180 gelatin 








(60 grams) 


4 

2730 

37 

7 5 

20s 

+ 14 



8 

2150 

42 

7 8 

168 

—23 



Initially, each of these gelatin pieparations were given inti avenously to 
four convalescent patients, and their disappearance rates followed by the 
determination of plasma volume befoie, and at intervals aftei, the rapid 
infusion of 1000 cc of a six-pei cent gelatin solution in o 85 per cent saline 
Fiona Tables I and II it can readily be seen that the heavily degraded 
gelatin leaves the blood rapidly, while m contrast, in the normal patient, 
most of the lightly degiaded gelatin is still piesent in the blood stream at the 
eighth hour aftei lapid infusion Similai retention of lightly degiaded 
gelatin was noted in the studies of Paikins, et al x On the basis of these 
preliminary studies, we selected the less degiaded gelatin for further clinical 
studies, in this papei is repoited our expenence 111 clinical shock fiom the 
use of this particulai gelatin pieparation 

It has been oui piactice generally to give gelatin infusions (as veil as 
plasma 01 whole blood) by the “rapid syunge technic” which employs a 
small syunge attached to the tubing set-up by a thiee-way stop cock (Fig 1) 
Only by this technic has our shock gioup found it possible to lestore rapidly 
and adequately the circulating blood volume of many seveiely shocked 
patients We aie certain that some lives have been saved by this method 
of rapid infusion that otherwise would have been lost if moie time-consuming 
infusion technics had been used 
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ACUTE BLOOD LOSS 

Case i (Fig 2) — Diagnosis Multiple lacerations of face and scalp, including left 
temporal artery, hemorrhagic shock 

B D, a 42-year-old white male, was admitted to hospital, Febiuary 6, 1944, after 
an automobile accident When taken from car by the ambulance surgeon he was bleeding 



Fig 1 — Set up for rapid mtraienous infusions for use with w’hole blood, gelatin, 
or plasma 

1 An ordinary 750 cc bottle, 2 a 10 or 20 cc Luer Lok sjringe These size 
syringes are much more efficient for rapid infusion than the longer 50 cc size, 3 A 
three way stop cock, a 16 or 18 gauge needle 

Our shock group has experimented with practically all types of equipment designed 
for infusing fluids rapidly m shock, and have found the set up herein described by 
far the most efficient 

profusely from long lacerations of the left face and scalp, especially from a severed 
temporal artery On admission to emergency room, the blood pressure was 60/40, pulse 
72, respiration 26 Patient was not alcoholic Initial hematocrit 40 per cent An 
immediate rapid infusion of 1000 cc gelatin solution restored the blood pressure to 

Table III ' 

SHOCK PATIENTS TREATED WITH CELATIN 



No of 


Cases 

Acute blood loss 

15 

Chest injury 

14 

Abdominal injury 

10 

Skeletal trauma 

28 

Severe burns 

28 


110/70 and then to 170/80 The hematocrit at the end of two hours was 32 per cent 
After suturing of wounds and four days hospitalization, recovery was complete except 
for a secondary anemia (Hb 72 per cent) 

Case 2 (Fig 3) — Diagnosis Gunshot wound of left groin, severance of left 
femoral artery, severe hemorrhagic shock Operation Ligation of left femoral artery 
and vein, gelatin infusion for shock 
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Acute Blood Loss 



Minutes 

Tic 2 — Clinical effects of gelatin infusion in acute blood loss from multiple 

lacerations 


Oun 'Shot Wound of Artery 


< fooocc OeLottne > 



Tig 3 — Clinical effects of gelatin infusions in acute blood loss 
from a severed femoral artery 
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G f , a 50-j ear-old colored male, was shot at close range with a 32-cahber 
revolver On admission to St Phillips Hospital emergency room, the patient’s blood 
pressure was 60/30, pulse 65, extremities cool and dry, no sweating, venous filling fair 
Plasma volume estimation — 32 cc/Kg, hematocrit 41 pei cent, representing loss of 
1400 cc whole blood There was a bullet wound immediately over the femoral artery 


STAB woum OF HEART 



Tig 4 — Clinical effects of gelatin infusions in a patient 
with stab wound of right auricle 

Stab Wound of Chest 
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at Poupart’s ligament, with no pulsation below of this or the popliteal artery A rapid 
infusion of gelatin restored the blood pressure to 120/80, and this was maintained 
during the operation that followed by the infusion of another 500 cc gelatin solution 
A transfusion of 500 cc whole blood was given after the operation to combat anemia 
(Hemoglobin had fallen to 62 per cent) Two novocaine lumbar sympathetic blocks 
were carried out during the night, and despite the fact that the continuity of the artery 
could not be restored, the patient made a good recovery 

Figure 3 shows the effect of gelatin infusions in this shock patient 

CHEST INJURY 

Case 3 (Fig 4) — Diagnosis Stab wound of right auricle, “sucking” hemopneu- 
mothorax, secondary shock Operation Cardiorrhaphy 

V S , a 28-year-old colored female, had been stabbed in the right chest while asleep 
n bed On admission to the St Phillips Hospital not long after, she was in a state 
of profound shock, blood pressure 60/30, extremities cool and dry, pulse 56, of extremely 
poor volume at the wrist There was a stab wound 2 cm in length in the second right 
interspace, 1 cm from the sternal border A diagnosis of stab wound of the heart or 
severance of the right internal mammary artery was made Plasma volume was 35 
cc Kg , hematocrit 37 per cent Patient was prepared for operation and given by 
rapid infusion 500 cc gelatin solution After 300 or 400 cc had been given the blood 
pressure rose to 110/70, pulse 90 Patient was taken to operating room, where a second 
500 cc gelatin infusion was staited At operation, a laige amount of blood was found 
in the right pleural cavity, coming from a i-cm stab wound of the right auricle through 
a rent in the pericardium This was closed with some difficulty because of the friable 
nature of the tissue, but the patient withstood the operation quite well, as can be 
seen from Figure 4 Nine hundred cubic centimeters of whole blood was collected 
from the right pleural cavity and given to the patient by autotransfusion 

Case 4 (Fig 5) — Diagnosis Stab wound of the left chest, severance of left internal 
mammary artery, hemorrhagic shock Opeiation Exploratory thoracotomy, ligation of 
left internal mammary artery and vein, gelatin infusion 

J J , a 22-year-old colored male, had been stabbed in the left chest one hour 
before admission On entry, he was in moderate shock, blood pressure 80/60, extrem- 
ities cold and dry, pulse 76 When placed in the Trendelenberg position, blood pressure 
rose to 110/70 There was a 2-cm stab wound in the left second interspace in the 
parasternal line A diagnosis of severed internal mammary artery was made and patient 
taken to the operating room On a 1 rival there, due to the /act the patient had been 
allowed to raise his head, his blood pressure had fallen to 70/50 Five hundred cubic 
centimeters of gelatin solution was given rapidly and the pressure rose to 100/80, and 
the operation was started while the second 500 cc of gelatin solution was being given 
slowly At operation, about 1500 cc whole blood was found in the left pleural cavity, 
coming from a severed left internal mammary arteiy, which was ligated No other 
intrathoracic injury was found Figure 5 shows the response of this patient to 1000 
cc gelatin infusion Five hundred cubic centimeters of whole blood was given by 
autotransfusion after the operation (1000 cc was lost by clotting) 

ABDOMINAL INJURIES 

Case 5 (Fig 6) — Diagnosis Gunshot wound of abdomen (liver, stomach and 
spleen) , severe secondary shock Operation Exploratory celiotomy, splenectomy, and 
closure of stomach wounds, gelatin infusion for shock 

R T , a 21-year-old male, sustained a self-inflicted gunshot wound of the abdomen 
(38-caliber revolver) On admission there was a wound of entrance m the left upper 
quadrant of the abdomen, and a wound of exit in the left loin Blood pressure initially 
120/80, and fell to 80/60, pulse 78, respiration 20, extremities cool and dry Plasma 
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Qimshot Wotmd of Abdomen 



Tic 6 — Clinical effects of gelatin infusion in a patient 
with gunshot wound of the abdomen, involving the lner, stomach, 
and spleen 


Oun Shot Wound of Abdomen 


<~/ooocc CfilBttne — > < — soocc (/elslu7e ,&00cc Blood > 
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volume 33 cc /Kg , hematocrit 42 per cent, representing a blood loss of approximately 
1500 cc The patient was taken to the operating room and given 1000 cc gelatin 
solution, followed by 500 cc whole blood at the close of operation At celiotomy, 1800 
cc whole blood was collected There was a through-and-through wound of the left 
lobe of liver, a through-and-through wound of the stomach, and a perforation of the 
upper pole of the spleen, from which blood was issuing Splenectomy and repair of 
the stomach wounds were performed Figure 6 illustrates the operative course of 
this patient 

Bilateral Traumatic Thigh Amputation 



Tie 8 — Clinical effects of gelatin infusions in a patient with bilateral traumatic amputations of thighs 

Bilateral, Fracture of Hip 



Case 6 (Fig 7) — Diagnosis Gunshot wound of abdomen, perforation of jejunum, 
severe hemorrhagic shock Opciation Exploratory celiotomy, closure of jejunum 

G E S , a 44-year-old white male, had been shot with a 22-caliber rifle at close 
range When seen in the emergency room not long after (30 minutes), he was in a 
state of profound shock Blood pressure 50/30, pulse 88, extremities cold and wet with 
perspiration Skin bloodless, 'he was placed in Trendelenburg position, with blood 
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pressure rising to 70/30 He was given, by rapid intravenous infusion, 1000 cc gelatin, 
and after 40 minutes, when he was taken to the operating room, his extremities had 
become warm and dry, the blood pressure had risen to 140/So On opening into the 
peutoneal cavity, a laige amount of fiee blood was encountered, there were four small 
openings in the jejunum, which were closed by appropnate measures There was 
found an enormous left retroperitoneal hematoma extending from the pelvis to the 
left renal area A stab wound was made 111 the left loin into the hematoma zone 

The patient withstood the operation fairly well, as can be noted from Figure 7 
Howevei, about 14 hours after the operation, when he w'as threshing about the bed, 
he suddenly collapsed and died before an mtiavenous infusion could be started Necropsy 
showed a seveiance of the left intei nal iliac artery in the pelvis, from which the 
hemoirhage had occurred 


SKELETAL TRAUMA 

Case 7 (Fig 8) — Diagnosis Bilateral traumatic amputation, thighs, severe 
traumatic shock Opeiation Revision of amputation, suprapubic cystotomy, gelatin 
and blood infusions 

R C S , a 34-yeai -old white male, was run over by a street car On examination 
soon after in the emergencj 100m, it w r as noted that theie was a severe crushing injury 
to both legs from above the knees downward Tourniquets were applied above the zone 
of injury The blood pressure was 40/0, pulse 60, poor volume Patient was covered 
with profuse, cold peispiration He was given 1500 cc gelatin solution, and blood 
pressure rose to 90/70 This w’as followed by 500 cc whole blood and 500 cc gelatin, 
the blood pressure rose to 110/70 He w r as taken to the opeiating room where, under 
ether anesthesia, a bilateral thigh amputation and suprapubic cystotomy was carried 
out At the close of the opeiation, 2000 cc w'hole blood w r as given because after the 
patient had received 2000 cc gelatin, it was found that the hematocrit had fallen to 
17 per cent (This laige whole blood infusion brought the hemoglobin from 35 per 
cent to 72 per cent) The patient recovered 

Case 8 (Fig 9 ) — Diagnosis Intracapsular fractuie right hip, fracture dislocation, 
left hip, severe shock Opeiation Deferred 

V W W , a 53-year-old white female, had been m an automobile accident close to 
Richmond She was seen by us about 35 minutes after the accident On admission, the 
extremities were cold and dry The skin was very pale , blood pressure was 68/ ? , 
pulse 98, poor volume Raising or lowering the head did not alter the pressure readings 
One thousand cubic centimeters gelatin was given rapidly, but pressure rose only to 70/54 
A second 1000 cc gelatin was then given, and gradually the blood pressure rose to 
106/78 The hematocrit had by this time fallen from 40 per cent to 28 per cent, so 
the patient was given, bv slow infusion, 1000 cc whole blood In four hours, the blood 
pressure stabilized at 140/90 The plasma volume on admission was 32 cc /Kg , 
hematocrit 40 per cent 

, severe"burns 

To illustrate the effectiveness of gelatin solutions in the treatment of 
bum shock, we have chosen to present data on two severely burned children 
It has been oui expenence that burn shock is apt to be very seveie and 
difficult to tieat m the child, even moie so than in the adult Our experience 
with the use of gelatin in bums includes now 28 seveiely burned patients 
To show that we have been justified m calling these “seveie burns,” photo- 
graphs of four of these patients aie shown m Figures 10, 11, 12 and 13 
Theic has been no death fiom bwn shock in this group of 28 patients, 
although two of this gioup died on the 12th and 16th day, respectively One, 
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a child (Fig io), died as a result of injudicious attempts at early removal of 
slough on the 16th day, the second, a 78-year-old man with a complete third- 
degree bum of one leg, died on the 12th day, presumably of congest ve heart 
failure 

AU things considered, 0111 experience with gelatin m the management 
of burn shock 1 as 1 een very satisfactory Our present plan of management 



Tic io — P hotograph of posterior Men of n year old severeh 
hurtled child The anterior portion of bod\ ms equally as badh 
burned Burn shock was well controlled hi gelatin infusions 
gnen e\er\ fourth to sixth hour during the first 48 hours 

is to reserve its use to the fust 28-48-hour period when bum shock is most 
to be feared, and then give whole blood subsequently From our experience 
with severely burned childien, we now' prefer to give fairly large infusions 
of gelatin at four- to six-houi intervals for the first 24-36 hours, if this is 
done, burn shock is usually avoided These infusions are given even though 
the patient s appearance is good, and without regard for the hematocrit 
figures If the burn is largely superficial (second-degree) and is widespread, 
it is our practice to give somewhat larger gelatin infusions during the “shock’ 
period Also, we almost routinely give quite laige gelatin infusions (250-400 
cc ) to small childien (3-4 years) In children, the infusions are given by 
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the “rapid syringe” technic, and we have yet to note any evidence that 
would suggest overloading of the vascular system 

Case i (Fig 14) —Diagnosis Severe burns of entire back, buttocks, upper thighs, 
face, and arms (second-degree) 

C J , a five-year-old colored boy, was burned when a pail of boiling water fell 
on him from a stove He was first seen about 1 5 hours after the accident On admission, 




Fig 14 — Chart illustrating the effects of gelatin infusions in a 
severe burn (Case i, C J ) in controlling hemoconcentration 

the child appeared almost moribund , no pulse could be felt even at the femoral artery 
in the groin Extremities were cold and dry Initial hematocrit 59 per cent, total 
plasma protein 6 6 per cent Child was given, by rapid infusion, 350 cc gelatin into 
femoral vein In about ten minutes, child was alert, asking for his mother Three 
hours later, although the hematocrit was onlj 51 per cent, the child was again in 
shock (cold extremities, very poor pulse volume) so he was given another 250 cc 
infusion of gelatin (Blood analysis showed that no gelatin remained in blood stream 
of that given earlier) Subsequently, he was given additional gelatin infusions at the 
16th and 26th hours The child began , to show clinical evidence of burn toxemia at 
about the 48th hour, but this had disappeared bj the 6th day The plasma protein 
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dropped to 4 7 per cent on the 6th da} 1 -, despite two blood transfusions and 250 cc 
plasma Figure 14 illustrates the course of treatment and response m this child 

Case 2 (Fig 15) — Diagnosis Severe burns of entire right leg, right abdomen, 
and chest (third-degree) 

E H , a small six-year-old white boy had his clothes catch on fire On admission, 
he did not appear to be in shock The burns were obviously third-degree in nature The 




ordinary sulfanilamide gauze pressure dressings were used, 250 cc plasma being given 
prophylactically About five hours latei the child was m profound shock, the blood pressure 
60/40, pulse 160, poor volume (Hematocrit on admission was 67 per cent, but had been 
brought to 44 per cent by the plasma infusion) Hematocrit at the fifth hour was 59 
per cent, and the plasma showed definite signs of free hemoglobin Two hundred cubic 
centimeters gelatin was given by rapid infusion, the blood pressure immediately rising 
to 110/70, and the pulse fell to 120 Orders were left for the patient to receive 250 cc 
gelatin in six hours (during the night) but these were disregarded by the intern “because 
he looked so well ” Early in the morning, the burn team was called because the patient 
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was again m shock (blood pressuie 60/30, pulse 160), so he was given 250 cc gelatin 
by rapid infusion, to which he responded as before No more gelatin infusions were 
given After the third day, regularly, whole blood transfusions were .given Recovery 
was complete after five skin-grafting operations 

DISCUSSION 

THE CLINICAL EVALUATION OF GELATIN FOR SHOCK THERAPY 

It is our impi ession that our experience has now been sufficiently extensive 
and varied foi us to evaluate the clinical value of gelatin solutions in the 
management of traumatic and bum shock 

ADVANTAGES 

(A) One of the chief advantages in gelatin foi the management of shock 
will be ltsieady availability when it can be supplied in large amounts The 
plasma and whole blood program of the American Red Cross has been so 
eminently successful during tile present wai that there possibly has been no 
acute need foi substitute Should large and small hospitals alike experience 
difficulty in maintaining a steady supply of plasma after hostilities cease, 
we believe properly selected gelatin solutions will prove helpful in shock 
management, especially in those smallei centers where it is so difficult to 
secuie plasma 

(B) When laige scale production of gelatin solutions can be attained 
these solutions should be much less expensive than plasma, either desiccated 
01 frozen 

(C) Intelligent use of gelatin infusions in centers where plasma banks can 
be operated, impioves greatly the available supply of plasma In our own 
blood bank, where an attempt is made to keep 600 bottles of frozen plasma 
on hand foi emergency use, in the one month, when we were without gelatin 
this year, our frozen plasma stocks dropped to less than 400 bottles 

(D) From our expenence, it is apparent that gelatin is especially indicated 
during the first 48 hours, since most infused fluid (plasma or gelatin) is lost 
into the burned area during this period This results in a large saving of 
plasma 

(E) Foieign Piotem Reaction — With our first supply of gelatin from 
Doctor Tourtelotte, we saw two moderately severe reactions, one patient 
showing severe cyanosis and dypsnea, the other moderate urticaria and itching 
Since we have been supplied with gelatin solutions free of the preservative 
phenyl mercuric borate, there has been no instance of foreign protein reaction 
Thus, the reactions with gelatin seem to be less fiequent than one ordinarily 
experiences with carefully prepared pooled plasma Also, we now see prac- 
tically no venous thrombosis at the site of injection 

(F) Apparently, gelatin infusions can be given in the shock state -when 
renal blood flow has piactically ceased without deposition in the kidney 
Doctors Phillips and Van Slyke 3 have studied this problem extensively in 
a shock preparation consisting of an isolated single kidney, with the renal 
vessels clamped-off for four hours, and could find no evidence of renal damage 
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from gelatin. The studies of Koop, et al 2 demonstrate that gelatin has none 
of the serious hepatic effects seen when acacia solutions are used 

(G) Although earlier we had feared the possible deleterious effects of 
large gelatin infusions on the clotting mechanism, prothrombin values seem 
to remain at normal levels even when as much as 2000 cc of gelatin solution 
has been given to patients in shock because of greatly reduced blood volume 

DISADVANTAGES 

(A) Pseudo-agghitmahon — It was earlier noted by Ivy, and his co- 
workers, 4 that a serious pseudo-agglutination of erythiocytes occurred when 
gelatin solutions were given to dogs This has gieatly disturbed some ob- 
servers, but it seems to have no serious consequences 111 our clinical experience 
In a practical sense, the most serious effect of this reaction is to cause marked 
7 ouleaux formation during cross-matching aftei a patient has leceived an 
infusion of gelatin Fortunately, this difficulty has now been obviated by 
Doctors Koop and Bullitt, 3 who have demonstrated that if a drop or two of a 
1 o per cent glycine 111 physiologic saline is added to the erythrocyte-serum 
suspension (in the cross-matching piocedure), this psuedo-agglutmation of 
erythrocytes is abolished 

(B) Viscosity — It must be stated that the gelatin solutions available 
to us for this investigation were quite viscid, especially if they were cool 
For this reason, it is unlikely that 6 per cent gelatin solutions of the moleculai 
size used by us could be used in cold climates, especially dm mg military 
operations However, to cncumvent this difficulty, on a cold day, we have 
often diluted the gelatin solutions with equal parts of physiologic saline solu- 
tions If such a mixture is kept at or about 35 0 C , no difficulty ensues 111 
keeping the infusion running into the vein smoothly and readily 

(C) It can no longer be doubted that one of the greatest needs of a 
shocked patient is for a greater volume of cnculating red blood cells There- 
fore, gelatin solutions (as well as plasma) aie at a disadvantage when com- 
pared to whole blood F01 this reason alone, we would emphasize that m 
the rational management of patients m shock from tiauina or burns, gelatin 
and plasma solutions should be reseived for purely emeigency use They 
can never be considered as true substitutes for whole blood 

SUMMARY 

“Lightly and heavily” degraded gelatin solutions have been employed as a 
substitute for plasma in the treatment of shock caused by trauma or severe 
burns (Trauma — 67 patients, burns — 28 patients) Lightly degraded gelatin 
solutions seem to be retained longer m the blood stream, and appear to be 
as effective and safe as plasma in the management of these types of clinical 
shock 

We are indebted to our chief, Dr I A Bigger, who arranged the facilities that made 
possible these clinical shock studies 
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Discussion — Dr Aitrid Bliiock, Baltimore, VI cl Tlieie is little I can add to 
what Doctor Evans has said, and I anse merely to express my thanks for what he has 
done m connection with the w'ork of the Subcommittee on Shock He has been working 
closely with this committee during the past four \ears, and he has had, with Doctor 
Bigger’s aid, one of the two best clinical programs on shock in this country The 
other has been that of Doctor Dickinson Richaids and his group, m New York I have 
never known a young surgeon who w'as a more careful clinical obsener than is Doctor 
Evans So many of us are prone to take to the laboiatory problems which could better 
be studied on man, and Doctoi E\ans has shown an unusual ability to solve such 
problems 

Dr Hue h FI Trout, Roanoke, Ya I hesitate to discuss Doctor Evans’ paper, 
because I know' nothing about the piescnt use of gelatin As many of vou recall, in 
World War I Hogan’s gelatin solution was advocated In one of the hospitals with 
which I was connected, w f e had four deaths following the intravenous use of this solution 

The autopsies in all these cases were done by the late Dr I-Ians Zinsser Doctor 
Zinsser w'as interested 111 these deaths because the solution came from lus laboratory 
at Dijon In all four cases, the solution had been warmed preparatory to giving it 
intravenously to the patients Then something had happened to the patient for whom 
it was intended, Hogan’s solution was then allowed to cool, and it was mvarmed and 
injected into the four patients that died 

All four of these autopsies showed multiple pulmonary emboli of glycerin As a 
result of this experience, there was no fuithcr use made of Hogan’s solution during the 
last war Doubtless Doctor E\ans knows about this experience with Hogan’s solution, 
and I would like to heai from him as to what became of this w'ork 

Dr EvrRCTT I Evans, Richmond, Va (closing) First, as to the problem of using 
a proper gelatin and getting it now, that cannot be answered The solutions that Dickinson 
Richards and I have been working with have been prepared under the personal super- 
vision of an extiemelv competent chemist, who w'orks 36 hours constantly' w'hile runs 
are being made, to assure us that the material is stable At present, enough is not 
being made foi widespread use How'ever, it is likely that in the next few' months, after 
the Food and Drug Committee has gone over this material, w r e will be able to procure 
more The cost of plasma is tunning high, somebody has to pay for it The ward 
patient is charged nothing for it, but it costs somebody about $20 I am sure gelatin 
will be sold for about $1 50 to $3 00 for 500 cc The Knox people will not put it out 
until we can be sure it is safe 

About the matter of Hogan’s solution We are not sure always from which gelatin 
source it was derived It can be made from animal skin or bone, or many' types of 
animal tissue That made m 1018 w'as not a good solution for mtraienous use, and it 
is likely that Doctor Hogan’s solution w'as gelatin we would be afraid now to use 
You must never forget that gelatin, plasma and other materials are not true substitutes 
for whole blood, and the Sub- Committee on Shock should not be pointed out as remiss 
for not knowing this , it has been known for at least tw'o y'ears We must think of these 
as useful for emergency' use, to be followed by whole blood, often in v6ry large amounts 

I am grateful for the remarks of Doctor Blalock, and I can say that it has been tre- 
mendously interesting to carry on 111 a clinical manner what Doctor Blalock has kept 
going from the last war to this Without his work I am sure w'e w'ould have started at 
a place far behind what he has gnen to us by Ins beautifully conducted animal 
experiments 
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Although .the ideal anesthetic agent foi all majoi surgery has not yet 
been found, much pi ogress has been made in anesthesia and the development of 
anesthetic drugs dui mg the past decade Among these advances aie those 
associated with intravenous anesthesia, which has appealed not only to the 
experienced anesthetist, but to the suigeon and to the laity as w r ell When 
skillfully used, mtiavenous anesthesia displays advantages which make it the 
method of choice m many instances 

The fiist lecord of geneial anesthesia pioduced by the intravenous ad- 
ministration of a diug v'as reported in 1872 by Ore, 1 who used chloral hy- 
drate In subsequent yeais hedonal-chloiofoim, chlorofoim, ether, paial- 
dehyde and alcohol w r eie, likewise, employed 111 this v r ay Moie lecently the 
newer diugs, sodium amytal, nembutal (pentobarbital sodium) and evipal, 
have found favoi To Lundy goes the credit foi first using sodium pentothal 
(thionembutal) Since Ins first lepoits 2, 3> 4 ’ 5 on the use of sodium pentothal 
for mtiavenous anesthesia, more than 600 related ai tides have appeared 111 
the literature 

Initially, the short-acting barbituiates or the mtiavenous anesthetic agents 
having a transient effect w r ere ad\ocated only for short operations How- 
ever, the “technic of intermittent admimstiation” introduced by Lundy 6 has 
permitted their application to longei operations Sodium pentothal possesses 
many advantages 1 ecommending its use foi prolonged surgical anesthesia 
To the patient it is a nomi ntatmg, odoiless material inducing sleep rapidly 
and pleasantly and pel nutting comfortable recovery Foi the surgeon it pro- 
vides effective musculai lelaxation without excessive capillary bleeding and, 
destroyed rapidly, it causes a minimum of functional and no organic injury 
during or aftei admimstiation In addition, it is inexpensive and can be 
stored without nsk of chemical change 

While the advantages of mtiavenous pentothal anesthesia are many and 
varied, and certainly far outweigh the disadvantages, nevertheless, two faults 

* Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5 - 7 , 1 944, Hot Springs, Va 
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are recognized The first is the apparent increase in the depth of anesthesia 
01 narcosis which occurs at the termination of the operation when stimulation 
is no longer present and which is followed by a prolonged pet tod of sleep 
This postoperative period of sleep in some instances may last as long as eight 
or twelve hours, being, in general, proportional to the amount of sodium 
pentothal administered While in some patients the prolonged period of 
postoperative unconsciousness is beneficial, in others it may be harmful 
Pickrell has demonstiated that m experimental animals anesthetized with 
ether, avertm, 7 or pentothal 8 or in profound narcosis produced by the inges- 
tion of ethyl alcohol, 9 resistance to bacteria is lowered Bacteria aspirated 
into the respiratory tract under these conditions grow uninhibited during the 
period of unconsciousness The lessened resistance appears to be related to 
profound inhibition of the vascular inflammatory response, in the absence of 
which leukocytic emigration does not occur Bacteria growing unrestrictedly 
under these conditions for seveial hours may become overwhelmingly numer- 
ous If bacterial growth is unchecked, septicemia may ensue and death occur 

The second disadvantage in the use of sodium pentothal given intra- 
venously is the possible occurrence of a state of pi ofonnd icspnatory depies - 
uon which may be seen during any stage of the anesthesia For the most 
part, the larger the amount of pentothal given, the greater is the tendency 
toward development of this condition In some instances the state of depres- 
sion may terminate m complete respiratory failure and death 

While untoward effects of pentothal are seen relatively infrequently, it is 
imperative to seek a means for averting the difficulties associated with res- 
piratory failure and for alleviating the probably harmful condition consequent 
to prolonged narcosis The latter is of especial importance m the instance 
of aged patients Pentothal, in common with the other barbiturates, exerts 
a depressant action on the cerebrospinal axis and produces an effect varying 
from slight sedation to deep coma In large doses the barbiturates depress 
directly the medullary respiratory center and both the depth and rate of 
breathing are deci eased and irregular To counteract these effects, several 
drugs have been employed Those in common use are the respiratory stimu- 
lants coramme, caffem, and picrotoxin Another potent stimulant of this 
class, known for the past two decades, is metrazol Synthesized in 1923, 10 
metrazol is classified pharmacologically as a central convulsant drug, similar 
in this respect to picrotoxin 

Metrazol was early found to possess a potent action antagonistic to the 
effects of various narcotics Schoen 11 studied the arousing influence of the 
drug in narcosis induced by urethane, alcohol and paraldehyde Extending 
the studies, Tartler 12 demonstrated a like effect of metrazol in narcosis caused 
by sodium barbital, and Barlow 13 encountered the same finding m his exten- 
sive experiments with pentobarbital In all of these experiments with bar- 
biturate narcosis in animals, the mouse, rat, rabbit and dog, it was regularly 
found that, while its effects varied somewhat with the species, metrazol not 
only exerted a strong action to arouse the organism in narcosis, but, under 
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proper conditions of dose and time and route of administration, protected 
completely against lethal doses of barbiturates 

Though these pharmacologic qualities of metrazol have long been estab- 
lished, few leports have been made of its action in pentothal narcosis m 
either animals 01 man Piekenbiock and Olson 14 used three cubic centimeters 
of metrazol intravenously after pentothal anesthesia and found the drug to be 
“a most efficient denarcotizmg agent, and by its use the anesthetic state will 
be terminated pi omptly and any undesirable depression avoided ” Reynolds 15 
considered metrazol to be a more effective analeptic agent than coramme, 
alpha-lobehn, or picrotoxm in arousing cats or dogs anesthetized with 
pentothal 

The possible value of metrazol in the prevention of prolonged pentothal 
narcosis and for the resuscitation of patients in profound respiratory depres- 
sion was recently strongly impiessed on the authors as the result of its effects 
m the treatment of a case to be described in a subsequent section This 
experience has suggested further investigations of the drug m this respect 
Clinical studies have been made of the arousing action of metrazol in patients 
anesthetized with pentothal and of its restorative action in respiratory and 
circulatory failure These studies w r ere supplemented hy an examination of 
the effects of the drug in pentothal narcosis m rabbits and dogs The results 
observed are described in the present report 

CLINICAL STUDIES 

As noted above, the possible value of metrazol m counteracting the un- 
desirable actions of pentothal was brought to the attention of the authors by 
difficulties experienced with a patient anesthetized with the drug 

The patient was a w'oman, age 24, who, several years before, had received 
extensive burns about the axilla Subsequently, contractures developed 
between the trunk and the upper arm Approximately 30 minutes after the 
beginning of an operation for the repair of the deformity, the patient’s 
respirations suddenly ceased Theie was no obstruction of the air passages, 
and the pulse rate and blood pressure had been normal A total of o 6 Gm 
of sodium pentothal in 2 5 per cent solution had been given Artificial 
respiration was started lmifiediately Coramme, picrotoxm and caffetn in 
appropriate amounts w r ere administered in rapid succession, but without 
evident effect Death seemed imminent The patient was cyanotic, and the 
pulse was barely perceptible Five cubic centimeters of metrazol* were 
then administered intravenously, and almost immediately respirations w r ere 
resumed, the pulse became full and strong, and consciousness was soon 
regained Shortly, sodium pentothal w as again rather cautiously administered, 
and the operation was completed wuthin an hour While the patient w r as still 
on the operating table, an additional three cubic centimeters of metrazol 

* The metrazol used throughout the present work was the 10 per cent aqueous 
solution supplied commercially by Bilhuber-Knoll Corp, Orange, New Jersey 
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weie administered mtiavenously The patient quickly recovered consciousness 
and expressed a desire to learn the lesults of the operation 

In this case it appeared likely that life was preserved chiefly by the 
action of metia/ol, though the coratmne, cafifem and picrotoxin administered 
may have exeited some influence on the result The reviving action of 
metiazol at the depth of respiratory depiession and the subsequent arousing 
effect at the termination of the operation weie so striking that further clinical 
observations were undei taken 

The investigations with patients consisted essentially in the study of the 
effects of metiazol on the length of the recovery period after pentothal 
anesthesia A series of observations v'as made first on the avaage length of 
the lecovciy pcuod of 80 patients anesthetized with pentothal in the usual 
way, without subsequent administration of stimulants In a second series of 
patients, more than 300, studies were made of the arousing effect of metrazol 
given intravenously at or near the close of the operative pioeedure Pre- 
operatively, each patient received an hypodermic injection of o 6 mg atropin 
and 10 to 12 mg morphine 

The proceduie of anesthetization with pentothal w'as cained out in 
accordance with the “technic of intermittent administration” (Lundy, 0 
Cameron 10 and Davison and Ruddei 17 ) Pentothal in a 2 5 per cent solution 
was slowly administered intravenously, in combination with a mixture of 
5 pei cent glucose in o 85 per cent saline The dextrose w'as included, since 
Sise 18 has shown that w'hen the livei is well supplied with glycogen and w hen 
there is no lack of oxygen, livei damage does not occur Richaids has demon- 
strated that the use of the intermittent method allows one 1 icrement of 
pentothal to be paitly detoxified before the next is administered 10 Pentothal 
is given only to adults, and the maximum dose does not exceed 2 Gm (80 cc 
of a 2 5 pei cent solution) Lundy 20 has demonstiated that the incidence of 
phlebitis in the vein receiving the solution is directly proportional to the 
concentration of the drug The impoitance of a continuous supply of 
oxygen as a supplement has been stressed by manj writers, notably Lundy 
and Adams, 21 Lahey, 22 and Ravdm 2 ’ Most mvestigatoi s believe that 
anoxemia is the basis of many anesthetic difficulties foi it has been demon- 
strated that the baibiturates as a class ailect the lespnation by decreasing its 
depth Foi this reason, the continuous administration of oxygen in high 
concentration is maintained dui mg the entue anesthetic period 

The patients studied foi the determination of the length of lecovery 
period w'hen no metia/ol w'as given w'eie caiefully obseived fiom the begin- 
ning of the anesthesia tlnough the opeiation, and postoperatively until the 
patient could be readily aioused As was to be expected, so many variables 
were found that it w'as difficult to deteimine an a\erage lecovery time The 
amount of pentothal given, the weight and stature of the individual, the site 
and the extent or magnitude of the opei ation all affected the tune of recovery 
With the continuous stimulation and pam from the incision following opera- 
tions upon the chest or the abdomen w'here the part could not be completely 
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immobilized, the recovery period was relatively short In such cases in 
which the patients weighed less than 176 pounds (80 Kg ) and received 1 5 
Gm , or less, of sodium pentothal, the average recovery period was 1 5 hours 
In instances in which the operative site was the extremities, scalp or face, 
where immobilization could be effected, the recovery period was definitely 
longer The average period for such patients given 1 5 Gm or less of 
sodium pentothal was three hours with variations of 30 minutes to six hours 

In the group of 80 patients, there were 30 individuals weighing more than 
176 pounds (80 Kg ) hut less than 190 pounds (86 Kg ) The amount of 
pentothal given did not exceed 2 Gm , and in no instance did the operation 
last for more than tv o hours The average recovery period foi these patients 
with well immobilized operative sites was 3 5 hours In the instances of 
those with poorly immobilized operative wounds, the period was two hours 
While these values represent the average, in four patients the period exceeded 
six horns, in three patients, eight hours, and in two patients, 12 hours 

The Influence of Metiazol on the Length of the Recovery Penod — The 
patients arranged in this category of the studies were given pentothal in the 
same way and in the same amounts as those not treated with metiazol At 
the conclusion of the operation and the application of dressings, five cubic centi- 
meters of metrazol were administered very slowly through the needle used for 
the introduction of the pentothal and the glucose-saline solution In some 
instances, an additional quantity of three cubic centimeters of metiazol was 
given The total dose was never moie than eight cubic centimeters 

In all except 16 instances of more than 300, recovery took place either 
immediately or within 30 to 45 minutes after the patient was returned to the 
ward In the 16 cases, in all of which the maximum dose of 2 Gm of 
pentothal had been given, recovery took place within 1 5 hours after the 
intravenous injection of metrazol 

The Restoi ative Effect 0} Metiazol m Respn atoi y Depiession — Profound 
respiratory depression was seen and treated in six instances in addition to 
the case cited above 

CASE REPORTS 

Case 1 — Male, age 25 In preparation for radical dissection of the neck, intuba- 
tion was undertaken The patient’s pharynx had not been treated with local anesthetic 
and difficulties were encountered m the intubation process because of lightness of 
anesthesia In order to attain the desired depth of anesthesia, the dose of pentothal 
was increased When o 8 Gm had been given, the respiratory movements ceased 
There was no visible obstruction of the air passages The patient was given im- 
mediately 5 cc of metrazol intravenously Without the aid of artificial respiration, 
active respiratory movements were established within 30 to 45 seconds and consciousness 
was restored within two minutes 

Case 2 — Male, age 48 The conditions leading to respirator} failure in this 
patient were essentiall} identical with those of Case 1 Respirations ceased when the 
amount of pentothal administered w'as 1 Gm Metrazol w'as gnen in 5 cc -volume 
and recovery occurred as in Case 1 

Case 3 — Male, age 45 This patient had been gnen 100 mg of novocaine mtra- 
spmally as the primary anesthetic agent for lumbar s\ mpathectomy About 15 minutes 
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later, during the course of the operation, the patient experienced severe pain in the 
operative wound He was then given o 8 Gm of sodium pentothal rather rapidly 
Several minutes later, respiratory movements ceased, the blood pressure fell, and the 
pulse became imperceptible He was given 5 cc metrazol intravenously Irregular 
respiratory movements began almost immediately and the pulse could be felt After three 
or four minutes, an additional 3 cc of metrazol were given intravenously The 
respiratory movements resumed a regular rate, rhythm and depth, and, 111 addition, con- 
sciousness was almost fully restored 

Case 4 — Female, age 38 When this patient had received a total of x 6 Gm of 
pentothal, within 1 5 hours after the start of a radical mastectomy, her respirations ceased 
Five cubic centimeters of metrazol were given and normal respiratory movements had 
begun at the termination of the injection This dose of metrazol did not restore 
consciousness No additional pentothal was necessary for completion of the operation, 
which was finished 30 minutes later Three cubic centimeters of metrazol were then 
administered, and consciousness returned before the patient was removed from the 
operating room 

Case 5 — Female, age 19 During the preparation of an abdominal tube-flap, 45 
minutes after the onset of complete anesthesia, the patient had received 1 2 Gm of 
sodium pentothal At this time the respirations became irregular and weak, although 
they did not cease After the administration of 3 cc of metrazol, normal respiratoiy 
movements were resumed The patient remained asleep and operation was continued 

Case 6 — Male, age 56 This patient showed the presence of extensive granulating 
surfaces of the legs resulting from burns After the operation for skm grafting had 
been in progress 80 minutes, at which time the grafts were being sutured to the 
granulating surface, the patient’s respirations became irregular, shallow and then 
stopped He had received 1 S Gm of pentothal The blood pressure and the pulse 
volume and rate were essentially normal Artificial respiration was tried for at least 
three minutes, but was ineffective in stimulating voluntary breathing Metrazol, 5 cc , 
was then administered intravenously, and within less than 30 seconds, irregular respira- 
tions began Within three to four minutes the respiratory movements were full and 
normal There was some movement of the lower extremities Consciousness was not 
regained at this time The operation was completed within 30 minutes, during which 
the patient received 0 2 Gm more of pentothal At the termination of the operation 
and after application of the dressings, an additional 3 cc of metrazol were administered 
The patient rapidly regained consciousness 

In these patients, no untoward reactions or ill effects have been noted, nor 
have convulsions occurred There have been no instances in which postopera- 
tive fever or tachycardia could be attributed to the metrazol No evidence has 
been seen of sensitivity 01 of localized reactions at the site of the intravenous 
injection There have been no geneiahzed phenomena, except the recovery 
of consciousness 


EXPERIMENTS WITH ANIMALS 

Experiments were made in order to study the analeptic or restoiative 
effect of metrazol in intravenous pentothal anesthesia in rabbits and dogs 
For this 64 rabbits and 20 dogs were used 

Experiment I — The first study was concerned with the determination of the average 
recovery time following pentothal anesthesia m rabbits For this, 16 rabbits were 
injected intravenously with 25 mg per Kg of pentothal m a 25 per cent solution 
Measurements of time were made from the onset of unconsciousness until (a) the animal 
started to right itself with its head and front legs — the lighting period , and (b) the 
animal could resume its normal position — the rccoveiy period 
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These periods, measured from the beginning of the anesthesia were (a) 27 minutes, 
with a variation of 15 to 43 minutes, and (b) 40 minutes, with a range of variation 
of 19 to 53 minutes 

Experiment II — An attempt was made to interrupt completely and permanently 
the deep pentothal anesthesia in rabbits by the administration of metrazol The same 
group of rabbits that had been used in the previous experiment, plus 16 additional 
rabbits, was employed All were given 25 mg of pentothal per Kg in a 2 5 per cent 
solution into the ear vein After 12 minutes, when the rabbits were deeply anesthetized, 
100 mg per Kg of metrazol were administered intravenously This resulted in an 
almost immediate “righting” of 30 of the 32 rabbits Within two minutes after the 
metrazol injection, all animals had raised their heads and front legs, and the “recovery” 
of every individual was complete within ten minutes after injection of the metrazol 

Experiment III — For this experiment a more prolonged pentothal anesthesia was 
produced in 12 rabbits by the simultaneous injection of 20 mg of pentothal per Kg 
intravenously, and 35 mg per Kg of pentothal intraperitoneally The average “recovery 
period” of the 12 animals was 48 minutes The longest period of anesthesia was 70 
minutes 

Experiment IV — The same group of animals employed in Experiment III and, 111 
addition, 12 other rabbits were given 20 mg of pentothal per Kg intravenously, plus 
35 mg of pentothal per Kg intraperitoneally After 30 minutes, when each animal was 
deeply anesthetized, 50 mg of metrazol per Kg were given intravenously In each 
instance, complete recovery had occurred within five minutes after injection of the 
metrazol No convulsions were seen in any of the animals, although slight transitory 
twitchings were occasionally observed 

These experiments clearly demonstrate that it is possible to mteirupt 
completely and permanently a piofound pentothal anesthesia m rabbits by 
the intravenous administration of metrazol 

Experiment V — In this experiment studies were made on 12 dogs Each animal 
was given 20 mg of sodium pentothal per Kg intravenously, and 20 mg per Kg 
intraperitoneally The sleeping phase and the time for complete recovery, 1 c , when the 
dog could stand or walk, were noted The average period for the group was three 
hours and 40 minutes Several days later the same dogs were anesthetized 111 a like 
manner After profound anesthesia had been continued for two hours, four dogs were 
given 35 mg per Kg of metrazol intravenously, four were given 30 mg per Kg , 
and four were given 25 mg per Kg The dogs receiving the 35 -mg -dose developed 
convulsions without shortening of the period of unconsciousness, and those receiving the 
30-mg-dose developed subconvulsive twitchings without regaining consciousness im- 
mediately The dogs that received the 25-mg -dose of metrazol developed transitory 
twitchings and were quite ataxic during the recovery phase 

Experiment VI — It was apparent from the results of Experiment V that immediate 
interruption of profound sleep in dogs due to pentothal was not possible through the 
administration of metrazol It is well known that a considerable period of ataxia 
follows prolonged pentothal anesthesia in this species 

Theiefore, in connection with the clinical purpose of the investigation, a 
further study was made of the possibility of shortening' the lecovevy time 
aftei pentothal anesthesia in dogs, that is, the time for complete recovery after 
the first evidence of awakening 

For this purpose, eight dogs were given 20 mg of pentothal per Kg 
intravenously, and an equal amount at the same time intraperitoneally 
Sleeping and recovery times as defined above were observed. Several days 

SOI 



PICICRELL AND RICHARDS 


Annals of Surgery 
April 1945 


latei, the experiment was lepeated and metrazol in doses of 20 to 37 mg per 
Kg were injected intiavenously at the moment when the dogs began to 
awaken As shown in Table I, theie was a maiked and constant reduction 
of the recoveiy time in eveiy instance 

Table I 

ErrECT or MrTRAZOL GIVEN INTRVVTNOUSLV UrON Tlir RECOVERY TIME Or DOGS ANESTHETIZED WITH SODIUM 

pentothal (20 mg /Kg Intravenously + 20 mg /Kg Intrapentoneally) 

Sleeping Time Recover* Time 

. ■ Metrazol I V at • ■ 


Dog No 

Hrs 

Mins 

End of Sleep* 

Hrs Mins 

Remarks 

69 

1 

45 

None 

30 



1 

36 

35 mg / Kg 

12 

Transitory twitching slight ataxia 
w alks 

73 

4 

14 

None 

1 23 



3 

la 

35 mg /Kg 

1 1 

Walks immediatelj slight ataxia 

74 

5 

47 

None 

1 30 



4 

15 

35 mg /Kg 

/ 5 

Short attack of mild com ulsions (fast 
injection) walks with some ataxia 

75 

0 

00 

None 

1 50 



5 

25 

20 mg /Kg 

4 

Walks slight ataxia 

77 

7 

14 

None 

37 



4 

05 

35 mg /Kg 

15 

Partly paravenous injection walks 
after 15 min 

I 

3 

12 

None 

1 58 



2 

57 

35 mg /Kg + 12 mg /Kg 9 

Sits up after first dose walks after 
second 

V 

2 

10 

None 

1 05 



1 

05 

35 mg /Kg 

2 

Slight transitor* trembling walks 

Chow 

4 

27 

26 mg /Kg 

1 

Walks immediatel* no ataxia 


*The time at which the dogs started to raise their heads, and made attempts to right themselves was taken 
as the end of the sleep 


Discussion — Metrazol is a synthetic tetiazol compound, which is ex- 
tremely stable and cannot be broken dow n or changed except by vigorous 
chemical procedures It exerts a prompt and intense stimulating action on 
the vasomotor and lespnatory centeis in the medulla and on the cerebral 
cortex This effect on the medullary centers is much moie prominent when 
their functions are m a state of depression When the circulation has been 
depressed by an hypnotic agent, metrazol causes a marked rise in blood 
pressuie It is lelatively nontoxic insofar as the amount necessary to produce 
serious poisoning is concerned 24 Its action is piactically instantaneous when 
the diug is administered intravenously It is absorbed very rapidly also 
when given by subcutaneous injection 01 by mouth This is partly due to its 
extreme solubility in water Its effects usually last o 5 to 15 hours It is 
lapidly detoxified, and its effects are not cumulative 

Pentothal, in common with all of the barbiturates, exerts a depressant 
action on the cei ebrospmal axis The depressant action may be employed 
in varying degree to induce calmness or sleep, to depress the motor cortex 
for the prevention of convulsions, and to produce paitial or complete 
surgical anesthesia In large doses the barbiturates act directly to depress 
the circulatory or respiratory centei, especially the latter In respiratory 
depression both the 1 ate and depth of breathing are decreased, and the rhythm 
may be lriegular The barbiturates, even when used intravenously for 
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anesthesia, are not directly toxic to the myocardium, nor do they seriously 
altei the cardiac lhythm or conduction A fall m blood pressure may result 
from the lapid intravenous injection of a lelatively safe dose of a barbiturate, 
but the hypotension is transitoiy if the dose is not too large Ectopic beats 
have been explained as the effect of transitory anoxemia and vanish when 
oxygen is given 

Consideration of the piopeities of metrazol and of the barbiturates in 
general reveals at once their essentially opposite pharmacologic effects The 
expectation of possible antagonistic behavioi when metrazol and the bar- 
biturates aie intioduced into the same organism has been borne out in numer- 
ous investigations with animals Tartlei, 12 in 1929, showed that narcosis 
produced in the rat by sodium barbital in doses of 20 mg per 100 Gm of 
body weight was completely overcome by half the normal convulsant dose 
of metrazol, 2 mg pei 100 Gm of body weight Doses of 3 mg of metrazol, 
or more, resulted in permanent awakening Conversely, Mehl 25 found that 
sodium barbital in quantities of 20 mg per 100 Gm of body weight protected 
rats against lethal doses of metiazol These findings have been corroborated 
by many authois As might be expected, the ultimate effect of metrazol 
is greatly dependent on the time of administration with respect to the 
introduction of baibiturates The antagonism of the action of metrazol to 
that of sodium barbital in mice was established by Zipf, and his coworkers 20 

Somewhat similar antagonisms between barbital and metrazol have been 
observed in rabbits and dogs Bailow 13 found that narcosis in rabbits caused 
by 40 mg per Kg of pentobarbital was greatly shortened by metrazol and 
lethal doses were overcome Rabbits given large doses of sodium barbital, 
150 to 200 mg per Kg, weie aroused immediately by intravenous injection 
of 25 mg per Kg of metrazol The animals soon went back to sleep, how- 
ever, and the state of consciousness was maintained only by the adminis- 
tration of repeated doses of metiazol Koppanyi, Linegar and Dille 27 showed 
that metrazol given m divided doses would protect dogs against about three 
times the lethal dose of sodium barbital Such animals did not awaken 
immediately but recoveied ultimately 

Reports of studies on the antagonistic effect of metrazol m pentothal 
anesthesia have been limited Reynolds 15 injected dogs and cats with an 
amount of pentothal just sufficient to stop respnation When artificial 
lespiration did not initiate active respnatory movements, picrotoxin, coramme, 
alpha-lobehn, and metiazol were administered Metrazol was found to be 
the mPst effective analeptic agent Piekenbrock and Olson 14 inject three 
cubic centimeters of metiazol mtiavenously following the termination of each 
pentothal anesthesia These authors found it to be “a most efficient denar- 
cotizmg agent, and by its use the anesthetic state will be terminated promptly 
and any undesuable depression avoided ” 

The results obtained m the present woik have shown that metrazol is 
an effective arousing agent in pentothal anesthesia in rabbits, a finding 
which parallels that of the previous investigations wuth sodium barbital and 
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pentobarbital in this animal Under the conditions of the experiments, 
metrazol did not arouse dogs immediately from deep surgical anesthesia 
In this respect, a species difference between rabbits and dogs is evident 
However, it was clearly shown that the period of recovery of dogs, that is, 
the period from the beginning of awakening to complete recovery, could be 
markedly shortened by the action of metrazol This result is in partial dis- 
agreement with that of Mousel and Essex, 28 who found metrazol and other 
analeptics of no value in treating severe depression caused by pentothal in 
experimental animals The doses of metrazol used by these investigators 
were too low to permit final judgment on its usefulness Furthermore, the 
present study has chiefly another object, namely, investigation of the possi- 
bility of shortening the recovery period after prolonged, but otherwise normal, 
pentothal anesthesia 

The findings m man, both from the point of view of the arousing effect 
of metrazol in surgical anesthesia with pentothal and its action to stimulate 
resumption of respiration in acute depression were most striking and, on 
occasion, dramatic In this series of observations, the response of man 
anesthetized with pentothal appeared both quantitatively and qualitatively 
similar to that of rats and rabbits under the influence of sodium barbital and 
pentobarbital While it was not possible completely to control the clinical 
studies, it was evident that metrazol was effective in markedly shortening 
the recovery period after surgical anesthesia and in arousing or protecting 
patients profoundly depressed by pentothal 

It should be emphasized that the use of metrazol is not recommended 
as a routine procedure but only m those cases m which indications for it 
are evident In instances in which there is evidence of awakening at the 
termination of the operative procedure, the use of metrazol is not only 
unnecessary but may be harmful With the wane of pentothal effect, there 
is a proportional increase in susceptibility to the convulsive action of metrazol 
In the latter stages of pentothal effect, therefore, metrazol may induce 
convulsions 

It should be noted, further, that the pharyngeal reflex is not greatly 
diminished by sodium pentothal For this reason, when intubation, bron- 
choscopy, or operations upon the throat are to be performed, the throat 
should be sprayed beforehand with a local anesthetic agent, such as pontocaine 
or cocaine 

SUMMARY 

Studies were made on the antagonistic effect of metrazol in patients 
under sodium pentothal anesthesia In control studies m which no metrazol 
was given the recovery from pentothal anesthesia varied from i 5 to 12 
hours, depending upon the size of individual and the dose given, and upon 
the magnitude of the operation Patients weighing less than 176 pounds 
(80 Kg ) and receiving 1 5 Gm of sodium pentothal recovered consciousness 
in an average period of three hours, when immobilization of the operative 
wound could be effected In instances in which the operative site could not 
be immobilized, the average recovery period was 1 5 hours Larger patients, 
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those weighing 176 to 190 pounds (80 to 86 Kg ) and who did not receive 
more than 2 Gm of pentothal m operations lasting no more than two hours ^ 
recovered m an average period of 3 5 hours where the operative site was well 
immobilized A shorter lecovery period, two hours, was observed in-patients 
m whom the operative site could not be immobilized 

In a series of more than 300 patients given pentothal m the same amounts 
and manner as for the control group, 5 to 8 cc of metrazol were administered 
intravenously The recovery period, except m 16 instances, was not more 
than 45 minutes Frequently, recovery of consciousness occurred almost 
immediately In the 16 patients, all of whom leceived the maximum dose of 
2 Gm of pentothal, recovery was delayed for not more than 1 5 hours 

In seven patients recovery from profound respiratory depression was 
e fleeted quickly and so completely that operation could be resumed with the 
administration of additional pentothal 

Studies were made also of the arousing action of metrazol m pentothal 
anesthesia of rabbits and dogs Narcosis m rabbits comparable m depth 
to surgical anesthesia was interrupted within five minutes and recovery was 
complete m every individual withm ten minutes after the injection of 
metrazol Dogs given metrazol during the stage of profound anesthesia could 
not be awakened immediately, but when metrazol was given at the first 
indication of awakening, the subsequent period of recovery was markedly 
shortened 

CONCLUSIONS 

The administration of metrazol given intravenously markedly shortens 
the recovery phase following sodium pentothal anesthesia in man In addi- 
tion, it has relieved profound respiratory depression which has occurred m 
seven instances in the present study 

The authors are grateful to Dr Joseph W Beard for advice and assistance m the 
preparation of the manuscript. 
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Discussion — Coi Waltir Deni Wise, Baltimore, Md I think this important 
paper merits serious consideration and there should be wide dissemination of the 
information, which might well counteract the bad effects of pentothal I rise simply to 
add my word of warning about the danger of this splendid anesthetic which is certainly, 
as someone has said, heaven-sent foi use undei present circumstances, particularly in 
the Navy, and also of gieat value in the Army We have not had, I am glad to say, 
in my Service Command, as much difficulty as I have learned about m civilian hospitals 
It came to mv attention two or more jears ago that there were quite a number of 
catastrophes in civilian hospitals, possibly because of the casual manner in which it was 
administered, it was considered a simple procedure, apparentlj The patients were not 
pioperly piepared, the choice of case was not well made, and there were some very 
disastious results All one need do is to mention this in a group of surgeons and 
someone will say “I know of a catastrophe 01 ncai catastrophe” — and relate one or more 
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instances As an illustration, I was asked to investigate a situation in one of our 
schools I found in one civilian hospital two recent deaths, one a student, one a woman, 
and from the description of the death of the student I imagine he could have been saved 
had metrazol been used I think everything else was used The chief thing I would 

emphasize is that it is a dangerous diug to use It is a wonderful anesthetic, but it 

cannot be used by people who are not qualified, and it must be stressed that it cannot 
be used casually and with free-wheeling 

Dr E I Evans, Richmond, Va Just a few words about our experiences with 
pentothal In shock patients, in trying to shorten the time of anesthetic recovery', we 
weie not very successful with either metrazol or picrotoxin I think everyone who uses 
pentothal much should inform himself by' reading Dr Carl Moy'er’s paper published 
about a year ago, which contained certain facts not well known I have seen anesthetists 
when they got into tiouble, start doing things which his work shows will be of little 
value They ask “Shall I gne COe 7 ” He points out that this is one of the worst 

things to do Even high oxygen concentration seemingly does more harm than good 

at that time The chief thing, if you get into trouble and do not have metrazol handy, is 
to use artificial respiration by pressure on the lowei boidei of the costal cage (That 
does not mean you can do the same by intermittent positive pressuie) To that can 
be added painful stimuli, such as slapping the costal cage His contribution ,on this is 
most important 

Major Barxus Woodhall, Washington, D C About two j'ears ago we reported 
a series of 378 majoi neurosurgical procedures carried out under a combination of pentothal 
and oxygen anesthesia We w'ere pleased with our results chiefly, it must be added, 
because this anesthesia lowers intracranial pressure However, there were three patients 
in this group who suffered severe respiratory depressions and we w'ere quite worried 
about these individuals Those of you w'ho w’eie at Ashford General Hospital on 
Monday will recall that Captain Galvin leported another group in which this agent 
had been used also for long operative piocedures On the other hand, the Surgeon- 
General’s office has reported six times as many complications with pentothal anesthesia 
as with any other anesthetic agent Doctor Pickrell’s contribution, therefore, will be 
of considerable value to the surgeon using pentothal The majoi complication w'e have 
encountered, even under what w r e considered proper conditions, has been laryngeal spasm 

Dr Alton Ochsnfr, New' Orleans, La It might be w'ell to call attention to the 
fact that metrazol is also not without danger Those w'ho have seen it used m shock 
therapy will appreciate that it is a diug that must be used cautiously 

Dr Klnneth L Picxrell, Durham, N C (closing) In answer to Major 
Woodhall’ s question relative to stridor and laryngospasm, I believe it is safe to say 
that there is considerable evidence that pentothal does not induce lelaxation of the 
laryngeal constrictors In the cases studied in the present work, respiratory' and circulatoiy 
failure were observed in two patients m association with attempts to intubate prior to 
operation Though these patients were under deep anesthesia, laiyngospasm was evident 
and intubation was not possible without additional pentothal It was clear that the 
amount of pentothal necessary for induction of laiyngeal relaxation closely approached 
the lethal dose It is to be noted that the dangei associated with lary'ngospasm, especially 
in cases 111 which intubation is necessary, can be partially obv lated in the beginning by 
spraying the throat with a local anesthetic such as pontocame or cocaine 

In the use of metiazol it is hoped that, by shortening the postoperative period 
of unconsciousness or the prolonged period of sleep following pentothal anesthesia, 
morbidity and mortality rates will be lowered This can be accomplished by decreasing 
the instances of postoperative pneumonia due to aspiration and hy'postatic pneumonia, 
especially' in patients of advanced y'ears Further, through the initiation of early' move- 
ment, vascular stasis and the formation of thrombi will be prev ented A great advantage 
of metrazol is that, m addition, its action promptly and effectively relieves the profound 
lespiratory depression which may occur during any stage of pentothal anesthesia 

It is planned to continue these studies with nitrous oxide, ether, av ertin and profound 
alcoholic intoxication It is possible that metrazol may be of comparable value m de- 
creasing untoward effects of these materials a<; well 
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HEPARIN IN THE ABDOMEN* 

A. CLINICAL REPORT 

Francis M Massie, M D 

LEXINGTON CLINIC 

Lexington, K \ 

Since the report of Lehman and Boys' 1 on the intra-abdominal use 
of hepann to pi event peritoneal adhesions theie have been no other reports 
except by the same authois For this icason it is necessary to present a 
brief leview of their woik, clinical applications, and conclusions 

It had been known foi many years that fibnn was the coiner-stone in 
the building of adhesions and that the oigamzation of fibrin was the 
adhesion Consequently, if the foimation of fibrin could be prevented, it 
might be possible to keep adhesions from foinung As citrate, oxalate, and 
hirudin had been tried unsuccessfully, heparin seemed to be a logical weapon 
with which to attack the problem 

Lehman and Boys pioduced pentoneal adhesions in dogs by infection 
(opening and leaving open the appendix) and by trauma 2 (scarification of 
surfaces and gauze pledgelets sutured between ileunj and cecum) The 
fiist method was latei abandoned because of the moitahty (50 per cent) in 
the animals The animals were examined after six weeks and all of the mtra- 
abdonnnal adhesions noted and separated chiefly by sharp dissection Care- 
ful hemostasis was carried out by fine silk ties and electrocoagulation Some 
of these animals were used as conti ols In otheis, various substances were 
placed m the abdomen at the tune of the sepaiation of the adhesions and 
subsequently by paiacentesis All of the annuals weie again examined after 
two to six weeks c In those where no drug had been used m the abdomen 
the adhesions had reformed about 130 pei cent Wheie other substances, 
noimal saline, amniotic fluid (amfetm), and papain weie used, the refoimation 
occurred greater than 100 per cent Only when heparin was used was 
there a reduction in the number and extent of the adhesions The percentages 
were estimated loughly by the numbei of adhesions cut Later the width 
of lefoimed adhesions was found to paiallel their number When heparin 
was used the refoimed adhesions were found to be about 34 per cent 

These mvestigatois found that the best results were obtained by adminis- 
tering the heparm at the close of the operation and by paracentesis every 
12 hours for three days From these studies they worked out the technic 
detailed below for clinical use 

The following year they 3 reported the use of the method on 14 patients, 
seven from their own, and seven from three othei clinics Their results 

* Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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have encouraged us to try this procedure on a few (seven) of those obstinate 
people who seem to reform those adhesions which produce intestinal obstruc- 
tion Some people seem to have a tendency to produce adhesions in number 
and density far above the average Whether this is due to a “fibroplastic 
diathesis” or from suigical defects resulting m chronic infection, as Boys' 1 
suggests, is still unknown This group repiesents a serious problem to the 
surgeon Many of them have to be, and are, operated upon repeatedly for 
acute intestinal obstruction As Hertzler 4 says “This sequence lasts as long 
as the patient does, or the hopeful persistence of the surgeon endures ” In 
this class of patients heparin may be the answei and it may not It seems 
to offer a better outlook than anything used up to now 

From our experience we agree with the original investigators that “Until 
greater experience has been had m clinical application, the use of heparin 
should be limited to cases of acute partial or complete intestinal obstruction 
due to adhesions and particulaily to cases in which previous operations have 
been perfoimed for obstruction or repeated threatening attacks In other 
words, hepann should be used only in that group of desperate cases m 
which one is willing to accept the hazaid of an insufficiently tried method 
m preference to a future risk of significant proportions ” 

“The one. nnpoi tant and essential contraindication is the presence of an 
oozing peritoneum aftei adhesions have been divided Heparin should not 
be used when granulations or subacute mflammatoiy tissue is present whether 
hemostasis seems complete 01 not ” 

To this we would add that the time following an abdominal operation, 
when with safety the abdomen may be reopened, adhesions separated, and 
heparin used, should not be less than two months Furthermore, we would 
not use hepann in the abdomen m those patients where the obstruction was 
due to a single band of adhesions even though the patient had had repeated 
episodes of obstruction 

We do not think accidental opening of the bowel during the dissection 
is a contraindication, as this happened to seveial of our patients without 
untoward effect 

The technic of administration as used by Lehman and Boys 3 is as follows 
After the operation for division of adhesions is completed a Pezzar cathetei 
is introduced into the abdomen through a stab wound in the area nearest 
the maximum numbei of adhesions The abdomen is closed and 10,000 
units of heparm > m 300 cc of normal saline solution is instilled through the 
catheter which is then clamped and the patient returned to bed 

Blood counts, coagulation time (by the capillary tube method), and 
blood pressure readings are taken every tv^o hours for six hours, in addi- 
tion to the usual readings of temperature, pulse and respiration Coagula- 


* Lehman and Boys used hepann from the Connaught Laboratories of the Unnersitj 
of Toronto and liquaemm made by Hoffmann-LaRoche, Inc We have used the Lederle 
preparation in 10 cc vials containing 1,000 units per cc 
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tion time is longest two horns aftei hepann is given, when the concentration 
leaches its maximum in the blood These leadings aie taken again just 
before the introduction of each dose of heparin Every 12 hours after the 
operation a dose of 5,000 units 111 300 cc noimal saline is instilled through 
the cathetei until 40,000 units have been administered during a period of 
three and one-half days The cathetei is withdrawn six hours after the last 
instillation 

They repeatedly asseit the necessity foi discontinuing the heparin and 
giving transfusions of whole blood should clinical 01 laboratory signs of 
bleeding occui, as the action of heparin is quickly neutiahzed by protamine 
of the blood 

In Lehman and Boys senes of 14 cases, they have had 11 smooth post- 
operative recoveries One death they attnbute to insufficient observation 
and failuie to give tiansfusions Autopsy showed this death was due to 
intia-abdominal hemoirhage of diffuse indetei inmate origin The maximum 
coagulation tune was seven minutes This patient was operated upon and 
adhesions sepaiated, obstiuction relieved, and heparin given just 15 days 
aftei resection of two feet of small bowel had been performed for the relief ' 
of obstiuction due to volvulus Appaiently the volvulus was caused by 
adhesions formed at the time of a pelvic celiotomy four years previously 
The authois believe the lecent opeiation 15 days befoie should have contra- 
indicated the use of hepann in this case One patient had a rather severe 
toxic ( ? ) leaction fiom doubtful heparin, one patient had symptoms 
suggesting hemonhage, and one had slight wound bleeding There were 
no cases of wound disruption, only one had slight pain during administra- 
tion of the diug, and only one had slight ileus One, Case 8, developed 
a pelvic abscess, lequning vaginal diamage, and infection of the abdominal 
wound An analysis of then 14 cases is adapted in Table I from their report 

They point out in then conclusions that hemorrhage will always be a 
potential dangei , that this dangei can be cncumvented by proper clinical 
and laboratoiy observations, and that no data have yet been presented to 
show the effectiveness of the method in pi eventing adhesions m the human 
being 

In 0111 seven cases we have modified the technic of administering the 
hepann after the first opeiatmg 100m dose by giving 10,000 units every 
12 houis until a total of 40,000 units has been given Thus, the total is 
the same but it is dehveied ovei a penod of 36 hours instead of the three 
days and a half lequued when 5,000 units aie given every 12 hours We 
have done this because we have assumed that most of the peritoneal exudate 
was poured out during the fiist 24 hours after the operation We have also 
earned out our usual tieatment following abdominal operations and have 
given prostigmine 1 cc of a 14 000 solution subcutaneously every four hours 
for eight doses and then eveiy six houis for eight doses accompanied by the 
insertion of a lectal tube foi half an hour 01 longer at each injection 
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CVSE REPORTS 

Case i — Mrs E B, white, age 44, was admitted to St Joseph’s Hospital, No\ em- 
ber 5, 1941, complaining of pain and cramping in abdomen She had had the uterus 
and appendix remo\ed 111 1929, and had had repeated attacks, two or three times each 
month, of abdominal pain and cramping since, usually accompanied bj nausea and 
\omitmg Except for chronic constipation she had been comfortable between attacks 
There was moderate distention on admission She was relieved by a Wangensteen tube, 
and left the hospital on November 14 She v r as advised to return for operation for 
release of adhesions She w r as readmitted January 7, 1942, hating had several “mild” 
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attacks m the interim The blood count, pressure, and venous coagulation time 
were normal 

Operation — January 8, 1942 Many adhesions were separated, and in freeing the 
small bowel from dense adhesions m the right pelvis the lumen was accidentally opened 
There was no gross soiling from this After repair with “intestinal” catgut, the dis- 
section was completed and heparin 10,000 units (Lederle) in 300 cc normal saline 
was introduced by the method of Lehman and Boys Thereafter 10,000 units was 
introduced every 12 hours for three doses — total 40,000 units There was slight abdominal 
distention but no nasal gastric tube was required There was some bleeding from the 
incision and around the tube, but the blood count remained above 4,000,000 and the 
hemoglobin above 75 pei cent The maximum pulse rate was 110, the systolic pressure 
was never below 120 The maximum venous coagulation time was 22 minutes 'This 
occurred two hours after the second 1 0,000 units was given, 1 c , 14 hours after operation 
It returned to a normal six minutes four days after operation She made a smooth 
convalescence and left the hospital January 24, 1942 She has been seen several times 
since, the last time in July, 1944 She has had no further attacks, and has been free 
from pain 

Commlnt This case needs no comment except to call attention to the 
fact that opening the bowel duiing dissection did not lead to any unfavorable 
lesult in the presence of hepann This was predicted by Lehman and Boys 1 
on the basis of their expenmental woik 

Case 2 — E P , white, male, age 54, was admitted to St Joseph’s Hospital, March 
8, 1942, with abdominal pain, cramping, vomiting, and distention of 24 hours’ duration 
He had had Ins appendix removed in 1932 and, m 1936, had had an operation for acute 
intestinal obstruction Adhesions were separated but no bowel was removed He had 
been well until two days before the present admission He was relieved by encmita 
and was feeling well on the third day Roentgenologic study of the colon showed no 
abnormality and lie was dismissed one week after this admission He was readmitted, 
April 2, 1942, with obstruction of less than 24 hours’ duration This was, again, relieved 
by enemata and, at his request, operation was performed 

Opciation — April 4, 1942 The adhesions were so widespread throughout the right 
lower abdomen and in the pelvis that an hout was required to free the small bowel 
everywhere from surrounding structures and from other loops of small bowel No 
attempt was made to sepaiate adhesions between the cecum and abdominal wall Be- 
cause of the extent of the adhesions this mgn was given 10,000 units of heparin every 
12 hours until 50,000 units were given He had moderate distention, looked sick, 
and a Wangensteen negative pressuie gastric tube was kept in place for four days 
His pressure, pulse rate, and temperature remained within normal limits His abdominal 
dressings were saturated with scrosangumeous drainage but there was no free bleeding 
His maximum venous coagulation time was 13 minutes two hours after operation but 
did not exceed seven minutes thereaftei O11 the eighth postoperative day the wound 
looked good, the sutuies were removed, and unmdiately the wound separated down to 
the peritoneum which remained intact There was no gross evidence of infection in 
the wound The abdomen was strapped fiimly and the wound healed slowly by second 
intention He was dismissed May 3, 1942 He returned for repair of a large incisional 
hernia on December 3> I94 2 > and we had the opportunity of exploring his abdomen 
No adhesions could be found except those between the cecum and anterior abdominal 
wall which had not been cut at the time of his heparinization He was repaired with 
interrupted sutures of cotton This time he did well until he developed a slight cough 
and his hernia recurred through the upper half of the incision As the skin was 
holding well it was thought best not to repair the rupture again at this time This was 
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done successfully June 12, 1943 He was seen last without symptoms and -without 
hernia in August, 1944 

Commeni This patient is mteiestmg because his is the hist case we know 
of wheie theie has been an oppoitunity to study effect of heparin on the 
reformation of adhesions in the human abdomen It is quite possible that the 
laige amount of heparin, 50,000 units, was the causative factoi in the failure 
of his wound to heal 

Case 3 — Mrs H A, white, age 45, -was admitted to the Good Samaritan Hospital, 
April S, 1942, complaining of repeated attacks of pam in the abdomen These weie 
sometimes accompanied by nausea and vomiting, were always cramp-like, and ordinarily 
lasted foi only a.few hours She had had typhoid fever with peritonitis ( perforation ? ) 
at the age of nine There had been vague abdominal pain for many years but no 
severe attack until 1936 She had been married 21 years but never pregnant in 1937, 
she had been operated upon for intestinal obstruction, but adhesions were found so 
universal and dense that nothing much was done Between this and the present admission 
there were several episodes of intestinal obstiuction, but our operation on April 14, 1942, 
w r as performed when obstruction w'as not present 

Opeiation — The small bowel, densely adherent to the anterior abdominal wall, was 
accidentally opened at the beginning of the operation Aftei working for two hours, the 
right lower quadiant W'as cleared by sharp dissection and the usual heparin treatment 
w'as begun until she had received 40,000 units in 36 hours She had a stormy course 
and there W'as considerable distention There w’as thin blood-stained drainage from the 
incision and around the catheter but no evidence of significant hemorrhage The maximum 
coagulation time was eight minutes She W'as dismissed on the 15th day after the 
operation 

She was greatly improved, though she had some pain, until anothei attack of 
obstruction occurred in August, 1943 We undertook our second operation Septembei 
29, 1943, again, when no obstruction w'as present 

Opeiation — Septembei 29, 1943 This time, because the recent pain had been in 
the upper abdomen, we made a high right rectus incision Universal dense adhesions w'cic 
encountered The lirei was fused until the subphremc peritoneum The intestine in 
the right lower abdomen, which had been released 17 months before, w r as free, mobile, 
and smooth, w'lthout adhesions Again, the procedure lasted more than two hours and 
the small bow'd w'as entered three times m the dissection Heparin, 40,000 units, 
was given as before 

Her course W'as again stormy and an abscess in the lower half of the incision 
did not prove serious The maximum coagulation time w r as seven minutes She left 
the hospital on the 18th day When last seen, months later, she w'as greatly impnned, 
and though there had been some pam there had been no obstruction She felt that 
“her operations had been worth while” 

This was the second, and only othei tune, we have had the chance to see 
the effects of heparin on the refonnation of pentoneal adhesions The con- 
trast between the previously “cleaied aiea ’ and the thick jungle of adhesions 
elsewhere was striking 

» 

Case 4 — Mrs L H, white, age 25, w r as admitted to the Good Samaritan Hospital, 
September 13, 1942, having turn days before recorered from pain m the abdomen, -vomit- 
ing, and distention of 24 hours’ duration She had had an abdominal tumor remoicd 
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at the age of 13, an “acute appendix” removed in September, 1941, and an operation 
for acute intestinal obstruction in December, 1941 

Operation — September 18, 1942 This was performed with the patient in good 
condition and no obstruction present The small bowel was adherent to the right broad 
ligament, where an ovary had been removed This was separated, leaving a raw area 
in its serosa three inches long Heparin was given, 40,000 units in 36 hours On the 
day following the operation she looked sick, there was moderate distention, temperature 
ioi° F, pulse 1 16 The hemoglobin had fallen to 69 from 89 per cent before operation, 
the red cells from 44 million to 3 5 million The blood pressure did not fall below no 
The coagulation time was six minutes We felt that she was bleeding but that our 
margin of safety was still wide We continued the heparin treatment and withheld 
blood The temperature continued from 100° to 102° F, the hemoglobin and red 
cells continued to fall, but the blood pressure and general condition remained about 
the same and the abdominal distention was less On the third postoperative day, 36 
hours after the last 10,000 units of heparin, the red cells were 3 million, the hemoglobin 
42 per cent Daily transfusions of 300-500 cc of blood were given for the next four days 
She improved rapidly, though the daily temperature rose above ioi° F 

On the 15th postoperative day a pelvic abscess was drained through the posterior 
vaginal fornix Following this she made a good recovery The abdominal wound 
healed well and she left the hospital 26 days after the first operation She was well 
one month after leaving the hospital 

Comment. — In this case we assumed a big risk to keep from neutralizing 
the action of the heparin In this instance the lesult justified us, but so grave 
a chance will not be taken again 

Case 5 — Miss R F, white, female, age 33, was admitted to St Joseph’s Hospital, 
December 18, 1942, with a story* of four or five attacks of severe abdominal pain with 
vomiting, since a ruptured appendix had been removed m July, 1942 The last attack 
was two days before admission After six days, during which the obstruction we 
thought had been relieved by the Wangensteen tube, the cramping pain continued 
intermittently, so operation was performed 

Operation — December 24, 1942 Several loops of small bowel were dissected 
from the pelvis, one completely obstructed but not strangulated Ten thousand units 
of heparin was instilled every 12 hours for four doses The patient was distended 
the following day, the coagulation time was 40 minutes and the hemoglobin had dropped 
to 69 per cent from the preoperative figure of 81 per cent She was given 400 cc of 
blood and the heparm treatment was continued She remained somewhat distended, 
the temperature ranged from ioo° to ioi° F, pulse maximum 120 The blood 
pressure was never below 115 There was the usual serosangumeous drainage from 
the wound Following the transfusion the coagulation time fell to 11 minutes and 
was never above 12 minutes during the heparm treatment It returned to six minutes 
two days after heparin was stopped On the 10th postoperative day the stab wound 
in the right lower abdomen looked angry It was opened and an ounce of pus obtained 
Two days later the incision showed an abscess which was similarly opened These places 
continued to drain and she gradually regained strength After three more blood 
transfusions she left the hospital February 13, 1943 She was last heard from six 
weeks later, and seemed to be entirely well 

This case illustrates, again, the danger of hemorrhage and the possibility 
of wound infection 

Case 6 — Mrs J M , white, age 36, was admitted to the Good Samaritan Hospital 
May 4, 1944 Her appendix had been removed in 1939, and both tubes and left ovary 
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taken out m 1941 For tliiee months prior to the present admission she had had cramping 
abdominal pam with nausea and vomiting The last of these attacks was two weeks 
before the present admission and continued for eight or ten horns 

Operation — May 5, 1944 A single loop of ileum was released from the back of 
the uterus and right ovary, a posterior round ligament plication done to cover the raw 
area on the uterus Torty thousand units of hepann was given in the usual manner 
Her convalescence was smooth in every way The maximum coagulation time was 
eight minutes She was dismissed on the 16th day after the operation In September, 
1944, she was well and had had no further trouble 

This case was satisfactory, but the very limited extent of the adhesions 
did not justify the use of heparin 

Case 7 — A white male, age 52, was admitted to the Good Samaritan Hospital with 
acute obstruction of four hours’ duiation His appendix was removed in 1936 He 
began to have attacks of obstruction 111 1937 and was operated upon for this in 1941 
He does not know just what was done at this operation Because his condition was 
good, the obstruction had been present less than six hours and distention was only 
beginning, we operated upon him as soon as he was admitted 

Opeiation — There were many adhesions between the ileum and anterior wall and 
several loops were involved There was complete obstruction at one point due to one 
thick band around which the loop of bowel had become angulated Forty thousand 
units of heparin were given in the usual manner His course was uncomfortable, due 
to distention, there was the usual profuse thin bloody discharge around the tube and 
from the incision but no signs of hemorrhage The maximum coagulation time was 
eight minutes He deft the hospital on the 15th day after the operation When seen 
November 15, 1944, he was having no trouble 

Comment This was an ideal case foi the use of heparin and, though he 
was quite uncomfoi table for four days, his lesult so fai has completely 
justified the tieatment 

No woithy conclusions ’can be drawn from seven cases The original 
investigators point out that theie must be many hundieds of cases coming 
to autopsy or subsequent opeiation in which heparin has been used before 
a real knowdedge of its usefulness can be obtained While this may be 
true, we think that the clinical test is easiei of fulfillment and more satisfac- 
tory practically If it can be shown that laige numbeis of people with 
repeated attacks of, and opeiations for, intestinal obstruction, who have 
had no relief from suigeiy, have been set fiee by heparin, then we can afford 
to accept it without waiting for the operating room and neciopsy to tell 
us Until then the udiole subject of its clinical application must remain 
sub judice 

It is quite likely that mtiavenous admimsti ation of the drug m much 
smaller quantity will be as effective as the inti a-abdonnnal route — with less 
peritoneal reaction 

On account of the edema and congestion in the wall of an obstructed loop 
of bowel it is probably safer to limit the use of heparm to the interval between 
attacks of obstruction We believe the diug should not be used when 
resection is undertaken, though accidental opening of the bowel as we have 
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definitely shown, is not a conti aindication The use of the diug should cer- 
tainly be limited to those people who have had one or more episodes of 
obstruction, and it is m no sense a piophylactic leagent in routine abdominal 
suigery 

In oui small series those patients who have been followed for more than 
a year, all of whom have had one or more attacks of obstruction, have 
been completely relieved 


CONCLUSIONS 

1 Intia-abdonnnal heparin to prevent obstructing adhesions should be 
limited to those who have had one or moie opeiations for obstruction 
01 repeated attacks following abdominal surgerj 

2 The hazards are hemorrhage, infection, and possibly delay in wound 
healing 

3 The contra-indications to its use are recent abdominal surgery, incom- 
plete hemostasis, and possibly intestinal resection 

4 The hazards should be recognized promptly when they appear, and 
can be checked by blood transfusion 

5 Red cell and hemoglobin determinations, blood pressure reading, and 
the general appearance of the patient are bettei guides in postheparm treat- 
ment than any known coagulation time tests 

6 Accidental opening of the bowel during^ the dissection of adhesions 
is not a contraindication for heparin administiation 

7 In our small senes we have been pleased with the complete absence 
of obstruction in the months and years following the use of heparin in the 
abdomen 

8 Until there are more clinical reports we must consider the use of 
heparin to prevent “obstructing” adhesions as promising but unsettled 
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Discussion — Dr E P Lehman, University, Va I have been greatly interested in 
this paper, as I have a considerable personal stake in the method I like very much 
Doctor Massie’s conservatism in stating the 'absence of definite conclusions to be drawn 
from the clinical material now available The method has sufficient potential danger so 
that it must be limited to those cases of repeated operation for obstruction in which one 
is willing to run a risk for the sake of much needed relief 

Recently, at the University Hospital, we have seen no cases in which we felt the 
method to be justified, either because there had not been repeated obstructions, or because 
hemostasis was incomplete I, therefore, have nothing to add from the clinical angle 
on the use of this procedure 

I was particularly interested m the two cases in which Doctor Massie demon- 
strated at a second operation the absence of adhesions in the area treated I had rather 
hoped that a larger number of surgeons would interest themselves in this method, because 
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I have felt and still feel it has promise The experimental results have been consistentlv 
conclusive I hope we will hear more of it m the future, and thank Doctor Massie for 
keeping the subject alive 

Dr Waller O Bullock, Lexington, Ky I had the opportunity to observe some 
of these cases of Doctor Massie’s, and I was impressed with the graA ity of the conditions 
they present Usually a surgeon does not consider with a friendly eye disruption of 
wounds and postoperative hemorrhage, yet these complications were piesent in several 
of Doctor Massie’s patients However, the fact that he has shown that the adhesions 
have disappeared from the field of operation, make me satisfied that the method has some 
good, and when the bugs get worked out of it, as they say about machinery, it will 
prove a useful agency in such cases 

Dr Francis M Massie, Lexington, Ky (closing) The drug is expensive, it 
costs about $5 75 for 10,000 units, and that may limit its usefulness 

I do not know whether or not it is an}' good I have Used it in seven cases in three 
years in which I thought it was applicable I think it is the most promising thing we 
have had 

I believe concentrating the drug in 36 hours instead of tlnee and one-half days 
has increased the postoperative risk, but has tended to reduce the adhesions which 
have reformed 
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METHODS OF CONSTRUCTING A VAGINA* 

Leo Brapy, MD 

BAT/rnronr, Md 

An unusual jeaiure of this leport is that four difTeient methods, de- 
termined by pcitinent circumstances, weie utilized to constiuct vaginas in 
four women in whom that oigan was congenitally absent Other surgeons 
have described then results in these cases, but in most instances, each surgeon 
has recommended only one foim of tieatment which he has used on all the 
women under his care My expenencc would indicate that several different 
methods can, if piopeily used, be equally effective The choice of methods 
should be based not only on the anatomic findings piesent, but also on the 
temperament, the mai ital status, the intelligence and cooperation of the 
woman one is ti eating 

In my fouith, or most lecent case, the flap used to cover the postenoi 
wall of the vagina was made in a way, which, so fai as I can find out, 
has not been descnbed pieviously, although piobably the same technic has 
been employed by otheis Except foi this one operative step, there is 
nothing new in the methods of treatment used in my foui cases 

No detailed descnption of the embiyologic defects which result in a 
woman being born without a vagina will be presented It will suffice to 
point out that all the women I tieated showed the typical findings which 
are seen when the lowei ends of the two mullerian ducts fail to develop 
The only vestiges of a vagina were shallow depiessions in the perineum not 
ovei i-i 5 cm in depth These represent merely the small terminal portion 
of the vagina which develops fiom the urogenital sinus in connection with 
the external genitalia and does not arise fiom the mullenan ducts In my 
cases, m which the abdomen was opened, small uteri varying fi om 2-2 5 cm 
in length weie found — not only in size, but in general development so 
immatuie as to make it impossible foi them to function, no matter how 
much hoimone theiapy might be used The ovanes, on the other hand, 
appeared normal None of the four women showed any signs of hei- 
maphrodism 

Befoie attempting to make a vagina, a surgeon will want to know the 
noimal dimension of that oigan Most authorities stiess the fact that the 
antenor wall is shoitei than the postenoi because the vagina is united to 
the uteius at an acute angle Accoiding to Williams’ textbook, the length 
of the antenoi wall vanes fiom 6 to 8 cm while that of the posterior fiom 

7 to 10 cm Curtis gives 6 5 cm as the length of the antenor wall, and 

8 cm as that of the postenoi Whaiton wntes that the noimal adult vagina 
is about 8 or 9 cm deep 

What is perhaps moie impoitant than the measurements of the normal 

*Rcad before the Fifty-si\th Annual Session of the Southern Surgical Association 
Decembci 5 -7, 1944, IIol Spnngs, Va 
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vagma is what length and circumference are necessary for the completion of 
the sex act satisfactorily both for the woman and her husband This will, 
of course, vary to some extent with the husband, but it is certain that m 
many instances a vagma considerably shorter than the normal length 
permits satisfactory marital relations I recently examined a woman whose 
vagma measured only 5 cm m length, and she had never suffered from 
dyspareunia, and regularly experienced orgasm Her husband, -who is 
apparently a normal man, states that sexual relations are entirely satisfac- 
tory to him The patient has never menstruated, and she has a very small 
uterus which does not connect with the vagina 

In March, 1935, I saw the first patient of this series She was then 15 
years old and had been married three months Repeated attempts at sexual 
lelations had been unsuccessful She had never menstruated The breasts 
were well developed The pubic hair showed typical feminine distribution 
On palpation, definite tenderness over McBurney’s point on the right 
was elicited and the patient gave a history of having had several attacks 
of acute appendicitis Inspection of the external genitalia showed a normal, 
but not an hypertrophied clitoris The labia majora were normal The labia 
minora were unusually long and pendulous — something that is occasionally 
seen m women who are othenvise 1101 mal At the usual site for the vaginal 
orifice, there was a small opening which would just admit the tip of a 
Kelly clamp for a distance of only 1 cm Theie was no ceivix to be felt 
or seen m this depression On rectal examination, a small uterus was felt 
Normally developed ovaries were palpated 

Because of the repeated attacks of appendicitis, a celiotomy was pei- 
formed This gave us an opportunity to inspect the pelvic oigans The 
uterus was normal m contour, but only 2 5 cm m length The fallopian tubes 
were rudimentary The ovaries were normal, the light showing a moder- 
ately well developed graafian follicle The appendix was removed, and the 
patient was then placed m the perineal position A circular incision was 
made around the outer maigm of the mucous membiane surrounding the 
perineal depression, following the line where the skin and mucous membrane 
meet By blunt dissection, the tissue under the mucous membrane was 
spiead apart Then, 111 the same manner, the tissue laterally, anteriorly and 
posteriorly were all giadually stretched until finally there was a tunnel 7 cm 
m length and of sufficient diametei to admit two fingers The small circular 
bit of mucous membiane which had originally covered the very immature 
vagma had been pushed further and further upward while this v as being done, 
so that it finally lested on and cohered the top of the newly made vagina 
However, all the rest of this 7 cm long tube w as raw and covered with neither 
mucous membrane nor skm 

Using a method similar to, but not exactly like, the method described by 
Graves, and later by Davis and Cion, the following attempt was made to 
cover over these raw areas The labia minora wei e dissected off from abo\ e 
downward in such a way as to leave pedicles large enough to furnish good 
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cn dilation The available mucous membrane in each flap was increased 
by splitting apart from below the sui faces of each labium minus, thus, con- 
vening the large folds into flat surfaces These flaps were then sewed 
deeply into the vagina with No o cluomic catgut The raw areas left 
by dissecting away the labia minora were then coveied by sewing together 
the adjacent skin sui faces with interrupted sutures of plain catgut Care 
was taken, both in making these flaps and later in covering all the raw areas, 
not to injure in any way, oi encroach too closely on, the clitoris 

This patient was foitunate in having unusually long labia minora, for by 
using them, as just descnbed, it was possible to cover over the entire lateral 
and most of the antenor and postenor walls of the newly constructed vagina 
Usually, all that can be done with the labia minora is to cover over the lowei 
part of the lateial walls, as the small lips are seldom long enough to stretch 
beyond this, no matter how the pedicles are cut 

At the time (1935) that this operation was perfoimed, Wharton, not 
having repoited his work with the artificial phallus made of balsa wood, I 
made one of plaster, covered it with a rubber condom, and inserted it into 
the artificially made vagina, where it was kept for the first ten days of 
the patient’s convalescence After leaving the hospital, the patient used it 
every day foi three months as a dilator It was then possible to introduce 
a full-size speculum into the vagina without causing her any discomfort 

It was impossible to find out immediately after tins operation, whether 
or not it was successful, foi the patient, suspecting hei husband of contracting 
gononhea while she was in the hospital, lefused to permit sexual relations 
She obtained a divoice shoitly after, stopjied using any dilatoi, and left the 
city Two years latei, she remained and wrote me that mantal relations 
were entirely satisfactory She was having no dyspaieunia and experienced 
orgasm One year later, while in Baltimore, she came to my office The 
vagina still easily admitted two fingers, was 7 cm in length, and permitted 
the introduction of a full-size speculum 

In this case, the unusually long labia minora and the patient’s youth were 
factors that doubtless helped in obtaining a good lesult It is worth empha- 
sizing that even though the patient went two years after the operation 
without using any dilatoi, the vagina did not contract, as it so often does 
if dilatations are discontinued It measured 7 cm in length at the end of 
that time, and easily admitted two fingers 

In the second case, an operation was refused This refusal came not 
from the patient, but from the man to whom she had been engaged for 
many years, and later married He would not consent to his fiancee being 
subjected to the risk of an operation no matter how slight the danger might 
be Knowing Frank’s and also Holme’s successes in making a vagina without 
an operation, I decided to try Frank’s method 

This patient, an unusually attractive woman, age 21, was referred to me 
by Dr Leslie Gay She was, at that time, a student nurse The general 
examination was negative The breasts were normally developed The labia 
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majora and the labia minora weie noimal The urethia was noimalh devel- 
oped Between the urethra and the anus, there w r as not e\en a dimple to 
indicate where the vagina should be On rectal examination, a mass about 
2 cm m length w r as palpated which the examiner thought w'as probably the 
uterus One ovary w r as definitely felt 

The patient w'as given a pyrex glass lod % c of an inch in diametei, and 
told to press with this rod on the perineum over an aiea midway between 
the urethra and anus At first, pressure w'as directed mostly backward, 
so as to keep from injuring the uiethia The dnection of the pressure was 
changed at the end of a few weeks to upwaid and backward, following the 
same axis that the noimal vagina takes This patient w'as very intelligent 
and conscientious She worked with the pyiex tube for at least a half hour, 
tw r o to thiee times a day, and reported to my office once 01 tw'ice a week 
w'here I used the tube and my gloved fingei, endeavoring to help ‘in producing 
a vagina 

Progress w ? as slow, but steady At the end of six w'eeks, theie was 
an opening w'hich would admit the tip of a fingei for a depth of 2 cm When 
a little bleeding would occui, as it occasionally would as a result of trauma, 
the patient stopped tieatments foi 48 hours Eveiy night before going 
to bed, she applied to the perineum, an ointment containing estradiol This 
may have been helpful Certainly its use seemed logical Six weeks latei, 
the patient was able to introduce the glass rod 4 cm She was then given 
a pyrex tube % of an inch in diametei Thiee months latei, 01 about six 
months aftei treatment was staited, thiee fingei s could be mtioduced into 
the vagina which w'as now' 6 cm long The patient mai 1 led, and has wi itten 
me stating that sexual relations aie entuely satisfactoiy to both hei husband 
and herself, and has expressed giatitude for what was done foi hei She 
has adopted two clnldien and is very happy 

Aftei reading Flank’s aiticle on the production of a vagina without 
operation, and of learning of Holmes and my Success with this proceduie, 
one might ask why not use this method in all cases Personally, I think 
it has marked limitations This patient tieated herself for six months, and 
the treatments were definitely painful Only her conscientiousness in carrying 
them out made success possible She was never able to wear any of the 
vaginal forms recommended by others She tried them, but was unable to 
sleep with the form m place, and could not canv out her duties as a nurse 
while wearing one m the day time When a patient has a small vagina 
to start wath — perhaps measuring 3-4 cm m length — this method would 
seem to be the best Then too, as m this case, it is all that can be tried 
when an operation is refused How'evei, I feel that when there is no vagina, 
or only a dimple 1 cm m depth, few w omen w ould continue these treatments 
long enough to make the method succeed, and, therefore, m many instances, 
an operation is prefeiable 

The thud patient was a geneially well-developed woman, age 32 who 
had nevei menstruated She did, howevei, give a history of lecurrmg 
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attacks of discomfoit in the lower abdomen She thought that perhaps 
the attacks catne at monthly mteivals, but she was not certain of this Later 
developments in the case indicated that the supposed monthly peridocity of 
these attacks was probably due to suggestions on the part of the doctors 
who had examined hei On examination, the breasts were found to be 
normal The clitoris and labia majora and labia minora were present and 
moderately well developed There was an opening m the perineum just 
below the external urethra It was about I cm in depth Rectal examination 
showed a large mass of tissue in the pelvis which was fully the size of a 
normal uterus 

After examining the patient, I suspected that I -was dealing with an 
entirely different condition than existed in the first two women It seemed 
probable that this woman had a noimally developed uterus which, as 
suggested by the monthly attacks of pain, menstruated and that the blood 
could not be dischaiged because of the absence of a vagina The patient 
was told that theie was a possibility that a vagina could be made and 
connected with her uterus so that she not only might have sexual relations, 
but might possibly menstiuate and even conceive This patient had been 
examined by seveial doctois before I saw hei, and the consensus of opinion 
was that the mass palpated thiough the rectum was an enlarged uteius How- 
ever, pennission was obtained to peiform a celiotomy if indicated — which 
should always be done when one operates upon a patient with this condition 

I decided to follow the technic recommended by Wharton, in which an 
incision is made in the penneum, the tissues dissected by blunt dissection 
until a tunnel is produced, after which a vaginal foim is introduced into 
this cavity No attempt is made by plastic surgery to cover the newly formed 
cavity with epithelium as was done in my fiist case In carrying out the 
Wharton opeiation on this patient, I made my dissection upward slowly 
until only about i cm sepaiated the top of the newly made vagina from the 
large mass which I had felt on rectal examination, and which up to that 
time I had thought to be the uteius This dissection upward was carried 
out until a vagina 7 cm in length had been made At this point, I thought 
it wiser to make a lower abdominal incision and actually see the condition 
in the pelvis befoie burrowing further upward fiom below 

After making this incision, I was suipnsed to see that what I had thought 
was the uterus was the patient’s only kidney There was no renal tissue 
m either renal fossa The pelvic kidney was one-half again the size of a 
normal kidney One uretei could be felt extending downward on the left 
side towards the bladder, although the kidney itself was situated just about 
m the midlrne over the promontory of the sacrum No right ureter was seen 
or palpated The left ureter and ovary were normal No right tube or ovary 
was seen The uterus measured only 2 cm in length There was no Meckel’s 
diverticulum The appendix was removed and the abdominal incision closed 
The patient was again placed in the perineal position and a Wharton-form 
made of balsa wood was introduced into the newly formed vagina The 
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patient lemained in the hospital foi about two weeks with the form held 
m place Aftei leaving the hospital, she continued to wear it for two weeks, 
and after that, wore it part of the time for thiee months When the patient 
was opeiated upon, she thought she would marry m the next few months, 
but later decided to postpone the marriage because of the war She stopped 
using the dilatoi against my advice Two years later I saw this patient The 
vagina was still 7 cm m length, but the orifice had contracted down so that 
it would admit only one finger It was, however, very easy to dilate the 
orifice undei sodium pentothal, so that two fingers could be easily introduced 
The patient is now using a vaginal dilatoi which she can introduce the full 
length without causing any discomfort It measuies 9 cm in length, and has 
a cncumfeience of 11 5 cm When she marnes she will have no dyspareunia 

In this case, theie weie embryologic defects in both the generative and 
uiologic systems It has been pointed out by seveial writeis that when there 
is a defect in one of these two systems, one should be on guard for abnor- 
malities 111 the othei In spite of this, I mistook, at least tempoiarily, the 
patient’s only kidney for an enlarged uteius If I had not recognized while 
operating, that I was dealing with something very unusual and had continued 
my dissection upward from the vagina, there is considerable likelihood that 
one of the laige lenal vessels might have been torn, with very senous con- 
sequences In the futuie, in every case of absence of the vagina, I shall 
take a routine mtiavenous pyelogiam befoie operating In this instance, 
an intravenous pyelogram was not taken until after the operation It showed 
that theie were no kidneys in the renal fossae The patient’s only kidney could 
be seen situated down m the pelvis It was poorly visualized because the dye 
diained so rapidly fiom the kidney into the bladder One could, howevei, 
see quite plainly the left meter which was not dilated The patient’s urine 
was negative on examination, and hei lenal function normal 

The fouith, and most recent, case was that of a 20-year-old gul, referred 
to me by Dr Hugh Young She had never menstruated Hei breasts were 
normally developed The distribution of pubic hair was of the masculine 
type The clitoris, labia majora and labia minora weie normal There was 
no sign of hei maphrodism Just below the urethra there was a small de- 
pression 1 cm in depth 

At an abdominal operation perfoimed by Doctor Young, hei uterus was 
found to be 2 5 cm 111 length The fallopian tubes wei e small and poorly 
developed The ovaries were normal, and one ovary showed a giaafian 
follicle On palpation through the lower midline incision, Doctor Young 
found that the left adrenal gland was somewhat larger than normal Whether 
this finding has any beaung on the congenital absence of the vagina is, 
of course, problematic, but it was an interesting finding and suggestive The 
appendix was removed, and one week later I performed the following 
operation 

Operation — Johns Hopkins Hospital — December 13, 1943 An inverted 
U-shaped incision was made through the skin, beginning just below the 
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flap measured about 6 cm in length By extending the ends of the original 
incision practically to the anal margin, this flap might have been made i or 
2 cm longer 

To cover the antenor and lateral walls of the vagina, the labia minora 
were dissected off from above downward in such a way as to leave pedicles 
sufficiently large to furnish good circulation The available mucous mem- 
brane in each flap was mci eased by splitting apart from below the surfaces 



Tic 3 — The U shaped flap of the skin and subcutaneous tissue shown in Figure 2 has 
been carried deep down into the cavity and is being sewed to the underlying tissue 

of each labium minus, thus, converting the large folds into flat surfaces 
(Fig 4) These flaps were then sewed deep down into the vagina with 
zero chromic catgut The raw areas left by dissecting away the labia mmora 
were then covered by sewing together the adjacent skin surfaces with inter- 
rupted sutures of chromic catgut Care was taken, both m making these 
flaps and later in covering all the raw areas, not to injure m any way, or 
encroach too closely on the clitoris 

It was then evident that a vagina, 8 cm in depth, had been made whose 
anterior and lateral walls were well covered with epithelium, except for a 
very narrow area m the anterior midline The lower two-thirds of the posterior 
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svall were also covered by an epithelial flap (Fig- 5) The only raw area that 
remained was in the uppermost part of the posterioi wall To cover this 
with epithelium, Dr Edward Hanrahan then cut a midthickness split-graft, 
measunng 11 x 5 cm, from the right thigh This giaft was sewed over a’ 
Whaiton “vagmafoim” made of balsa wood, then introduced into the vagina 
m such a way that it was m close contact with the lemaimng uncovered 



Fig 4 -—The labta minora are dissected off from above downward in such a way as to leave 
pedicles sufficiently large to furnish good circulation The a\ ailable mucous membrane in each flap 
is increased by splitting apart from below the surfaces from each labium minus, thus, converting the 
large folds into fiat surfaces On the right is shown the large flap that can be made m this way 

area A retention catheter was left in the bladder The patient left the 
operating room m good condition There had been very little loss of blood 
The patient’s convalescence was satisfactory, although she did complain 
of the discomfort caused by wearing the "vagmaform,” which was removed 
on the tenth day It was then evident that the flap made from the skm of 
the perineum by the converted U-shaped incision had lived, and that it now r 
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coveied the lowei two-thuds of the newly made vagina The flaps formed 
from the labia mmoid weie also living completely coveung the lateral 
vaginal walls It was difficult to be ceitam how much of the graft cut from 
• the right thigh survived, but ceitainly some of it did The patient left the 
hospital on hei 12th postopeiauve da}, but lemained m the city for a month 
longer, coming to my office tlnee times a week On hei last visit, the vagina 
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easily admitted two fingeis She is now using a vaginal dilator which she 
can introduce the full length without causing any discomfoit It measuies 
9 cm in length and has a cncumfeience of n 5 cm When she marnes she 
will have no dyspareunia 

SUMMARY 

Vaginas were made for foui women The method used in each case was 
different In the first, the labia minora were unusually long, and by utilizing 
them, it was possible to cover over most of the newly made vagina with epi- 
thelium In the second case, a vagina which has proven satisfactory for 
seveial years was made without any operation The intelligence and co- 
operation of this patient played a large pait m making this procedure 
successful In the third case, the Wharton technic was followed This 
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consisted in making an elongated canal in the peiineum and keeping that 
tube open by means of a vaginal foim of balsa wood Following tbe technic 
Wharton hist lecommended, no effort was made to covei the newly made 
vagina with epithelium In the fourth case, an extensive plastic operation 
was perfoi med m which the labia nnnoia weie again used to cover over raw 
areas, but as they weie not long, this step was supplemented by using the 
skin of the perineum between the urethra and anus This was accomplished 
b) making an imerted U-sbaped incision, dissecting out a flap between tbe 
urethra and the anus, and sewing this flap deeply into the newly made vagina 
The thud case in this senes was particularly intei esting, as in addition to 
the embryologic abnormalities of the geneiative tiact, there was also an 
abnormality of the uiologic system The patient’s only kidney was low in 
the pelvis and w r as mistaken by seveial examiners for the uterus There 
piobably is no one best method of making a vagina In the winter’s opinion, 
one should take into consideiation the anatomic findings, the tempei ament, 
intelligence and marital status of a patient 
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SPONTANEOUS PERFORATION OF THE RECTOVAGINAL 
SEPTUM, FIVE WEEKS AFTER CONSTRUCTION OF THE VAGINA* 

CASE REPORTS 

Lawrence R Wharton, M D 

Baltimotie, Md 

Construction or the vagina involves the dissection of a large space 
between the rectum and bladder This dissection is usually easy, unless opera- 
tions have been performed in this region before If there have been former 
unsuccessful attempts to construct the vagina, the normal plane of cleavage 
is replaced by dense scar tissue This makes the dissection extremely diffi- 
cult and, under these circumstances, injuries of the rectum or bladder have 
been common and unavoidable These accidents have occurred during the 
course of the dissection, in the operating room In the case herewith re- 
ported, however, the perforation occurred 5 5 weeks after a successful opera- 
tion and convalescence, and was due to the pressure of the strong perineal 
muscles on the vaginal form which pushed the vaginal form through the 
vaginal wall into the rectum This is the first complication of this sort that 
I have encountered It is my purpose to analyse the factors that caused this 
disastrous accident, in the hope that we may, m the future, prevent them 

Case Report — The patient, age 24, had undergone the -vicissitudes that are so often 
experienced by women who have no vagina or uterus At the age of 15, because of her 
failure to menstruate, she had a gynecologic examination At that time, she was called 
normal, the amenorrhea was deemed functional, and attributed to the high altitude of 
Colorado Springs A shift to low altitude did no good, although the young girl continued 
to develop normally in every other way For three years, from the age of 17 to 20, 
she received hormone injections When she wanted to get married, at the age of 24, 
she did not have a premarital examination , she assumed that her menstrual periods would 
appear after marriage After her marriage, however, she made the further unfortunate 
discovery that she could not have coitus It v'as not until this time that a careful 
gynecologic examination was made, which revealed the true state — complete r absence 
of the vagina and uterus 

A few months later, in November, 1 943, she came to Baltimore She was a 
perfectly normal and healthy young woman whose sole defect lay m the complete 
nonunion and developmental inhibition of the mullerian ducts, resulting in complete 
absence of the vagina and uterus The ovaries and secondary sex characteristics were 
normal Since the indication seemed clear, a vagina was constructed using the basic 
technic I described in 1938 I lined the vaginal space with skin, using a Thiersch graft 
cut from the thigh The skin graft was cut by Dr E M Hanrahan The graft was 
sewed over the vaginal form The operation was performed November 11, 1943, at the 
Johns Hopkins Hospital 

Five and one-half weeks later, after the patient had been out of the hospital for 
two weeks, she returned for an examination She was still wearing a vaginal form The 
vaginal cavity was 11 cm deep, large, and completely lined by epithelium except in 
the vertex We thought we had accomplished an almost perfect result At this follow-up 
examination, I removed the form easily, replacing it by a smaller vaginal form which the 
patient had worn before with perfect comfort I was so pleased with the result that 
I arranged for her to return to the hospital the following morning, when I could 
demonstrate the result to one of my associates 

*Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944. Hot Springs, Va 
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Twelve houis later, during the night, the patient felt a desne to defecate, and m 
spite of using gicat pelvic piessure, was unable to do so She noted the passage of a 
certain amount of bloody discharge from the vagina, although theie was no pain From 
her hotel, she called the lesident gynecologist who asked her to call me the following 
morning 

When I examined hei the following morning, the foim was so high in the vagina 
that I could just touch it with the index finger Also, the perineal muscles and vaginal 
orifice were so strongly contracted that it was impossible to lemove the form without an 
anesthetic A small amount of sodium pentothal was therefore given, the constrictor 



Fig i — The figure shows the position of the form in the constructed vagina It is 
not visible from the vaginal orifice Pressure of the perineal muscles and the pelvic 
diaphragm is exerted on the end of the form and this may force the form into the 
rectum or the peritoneal cavity This illustrates the reason for using a form that is 
either much shorter than the above or definitely longer 

muscles of the vagina and the proximal fibers of the perineal fascia were cut, and 
the form removed from the vagina The apex of the form was seen to be covered with 
fecal material , it was, therefore, evident that the end of the form had been forced 
through the rectovaginal septum into the rectum The opening into the rectum admitted 
two fingers, and was in the apex of the newly constructed vagina 

The repair of the large rectovaginal fistula immediately became the chief problem, 
and to cure it, we had to sacrifice part of the vagina which we had so carefully 
constructed I inserted a large tube into the rectum, through the anus, and closed the 
rectovaginal opening over this tube The fistula was closed very loosely, using only 
three interrupted sutures of No o chromic catgut This merely brought the torn edges 
of the rectovaginal septum into contact with each other, so that they could heal The 
vaginal cavity was then irrigated and packed with xeroform gauze 

The subsequent care consisted only of keeping the rectal tube in place for about 
two weeks, and keeping the vaginal space as clean and open as we could We allowed 
the walls of the apex of the vagina to adhere to each other, to close the rectovaginal 
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fistula Within six weeks the fistula was dosed completely Aftci this, the vagina was 
examined eveiy week by me, and dilated every night bj the patient, using a form 
which we gave hei Nine months after the accident, the vagina was seven centimeters 
deep, admitted three fingers easily, and was everywhere lined by normal epithelium 
This provided a vagina about two-tlurds as deep as it had been before the accident 
occurred But it was a deeper and more commodious vagina than had usually resulted 
following the employment of other, more complicated operative technics 

Com men i — Fiom the above experience, I would draw the following 
conclusions 

1 The vaginal foim should nevei be so shoit that it lies completely above 
the musculai plane of the pelvic diaphiagm In this case, I noted that the 
vaginal form was so shoit that it disappeaied completely in the large vagina 
Hence, any pressure exerted by the pelvic flooi was directed against the end 
of the form and pushed the form higher against the rectum or cul-de-sac of 
Douglas One safeguard against this accident would be to have the form 
long enough to protrude slightly from the vaginal orifice A form of such 
length could not be pushed upward by perineal pressure 

2 A second safeguard against this accident would be to make the vaginal 
oiifice so large that it could not close oi contract ovei the end of the form 
It should be laige enough to allow the foim to escape if the intra-pelvic 
piessuie is inci eased It should always be easy to reach and remove the 
vaginal foim The vaginal oiifice can be enlaiged easily by cutting the con- 
strictor vaginae muscle and the proximal fibers of the penneal fascia This 
also pi events dyspareuma later 

3 Constipation is to be avoided The patient in this repoit had been 
constipated If constipation should develop the patient should avoid pres- 
sure to pioduce defecation 

4 The method of closuie of the fistula was simple We made no attempt 
to dissect out the layei s of the i ectovagmal septum , we only pi ovided a loose 
approximation of the torn edges, and put the whole region at rest by a large 
rectal tube In spite of the unfoitunate accident, the ultimate result was not 
entuely unsuccessful 
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Discussion — Dr Howard Maiiorntr, New Orleans, La I am interested in these 
papers because I have had an opportunity to construct artificial \agmas in two women 
Doctor Wharton deserves credit for calling attention to the fact that it is possible to 
construct a vagina by a procedure relatively simple compared to the older methods 
of intestine transplant Since I heard his presentation and the description of his method 
before this Association, I have operated upon two cases My idea, also, in this discussion 
is to present a stent which was used on my patients 

In devising the stent two ideas seemed important, one, to obtain a satisfactorily 
large vagina so that if tlieie was any contraction there would still be ample space, and 
two, to protect the urethra, which would be endangered by pressure if the stent used was 
large I had a machinist construct this stent, which is shaped like a radio tube In the 
front of it is a large groove which permits the use of an indwelling catheter in the 
urethra to remain without fear of pressure necrosis The stent is six inches long and two 
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and one-quaiter inches m diameter In preparing the space at operation I ha\e found 
the dissection between the rectum and bladdei very much like that required m this 
region for abdomino-perineal resection One need not be afraid of dissecting very high 
and of making a huge space The stent can be worn for a'long period of time if necessary 
A split-skin graft was placed on the stent The take was remarkable (Fig i) This 
is the largest size speculum which after healing is admitted easily , and one could put the 
fingers into the vagina and by bimanual examination feel them easily just under the 
abdominal wall The lower part of the vagina did not heal promptly Because of this it 
was necessary for her to wear the stent for months The lower area was regrafted and 
shortly after that she was married and found the stent was no longer necessary She 
assured me her marital relations were happy in every respect 

Avoidance of scar tissue by early skin graft is important In the second patient 
the stent was worn only a shoit time (three weeks) The stent is connected with 
rubber bands to an abdominal belt made of canvas 

I am glad to see Doctor Brady’s procedure because I think the method may be 
helpful m pi eventing conti actures at the vaginal outlet 



Fig i — Stent for use m constructing an artificial 
\agma A groove cut antenorlv on the stent protects the 
urethra m w inch, in the initial postoperative period, is an 
indwelling catheter Otherwise, there mar he danger of 
pressure necrosis from so large a stent Anteroposterior 
holes at the base of the stent permit rubber tubes to be 
passed through which are attached to an abdominal girdle 
The stent is \er> large approximately six inches in length 
and two and one quarter inches in diameter It is shaped 
like a radio tube The large sire is to insure against 
contraction It is covered with a split thickness graft and 
inserted into the new space 

Dr Leo Brady, Baltimore, Md (closing) I agree that it is usually easy to make 
as long a vagina as you desire However, in an occasional case there is danger of 
getting into trouble In one of my patients there was no difficulty in keeping away from 
the bladder and the urethra, but as the dissection was extended upward,- the rectum 
came closer and closer to the operative field Apparently in different patients, the extent 
to which the rectum bulges forward into the area normally occupied by the vagina varies 
considerably 

Dr Lawrence R Wharton, Baltimore, Md (closing) I agree with Doctor 
Mahorner about the grafts We have used Thiersch grafts in these cases, there is 
much more rapid healing and scar tissue is abolished The large outlet I think is important 
The operation is useless if the vaginal opening is not satisfactory and ample 
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INTERVERTEBRAL DISK LESIONS ARE THE MOST COMMON 
CAUSE OF LOW BACK PAIN WITH OR WITHOUT SCIATICA* 

J Albert Key, MD 
St Louis, Mo 

rRO\t THE DEI \RTMENT OR SURGERY OT THE WASHINGTON UNIVERSITY SCHOOL OF MEDICINE ST LOUIS, MO 

So-called idiopathic low back pam with or without sciatic radiation is 
the most fiequent condition seen in the adult orthopedic clinic In spite 
of the fact that orthopedic surgeons have devoted much time and thought to 
this condition, the pathologic changes which are responsible for the symptoms 
aie, for the most part, unknown Consequently, the diagnosis of low back 
conditions is laigely a matter of speculation Hundieds of articles have been 
written on the subject and many classifications of low back pam have been 
offeied Over 20 years ago a diagnostic study of a series of 300 patients 
whose principal complaint was low back pam or sciatica led me to conclude 
that the great majority of these patients were suffering from strains of the 
lumbosacral or sacroiliac joints (Key 1 ) In spite of the fact that half of these 
patients were studied in Boston, where the sacro-iliac joint was then at its 
zenith as a cause of low back pam, the lumbosacral strains were found to 
outnumber the sacro-iliac strains by over four to one It was further stated 
that while about one-third of the patients presented evidence of hypertrophic 
arthritis m the roentgenogram, the pam was not due to the arthritis per sc, 
hut was caused by strain 

The patients were classified as follows 

1 Lumbosacral stiain of sudden onset (pam predominantly unilateral in 
the low back and often referred to the superior gluteal and sciatic nerves), 
35 to 40 per cent 

2 Lumbosacral strain of gradual onset (pam asm 1), 20 to 25 per cent 

3 Postural type of lumbosacral strain (pam midlme and bilateral in the 
low back and not referred), 20 to 25 per cent 

4 Sacio-iliac strains, 15 to 20 per cent 

It was stated that the pathology of the above conditions was not known, 
hut it was suspected that the lesions of traumatic and gradual lumbosacral 
stiams weie true sprains with tearing 01 stretching of the ligaments or joint 
capsules and that the referred pams were due to irritation of the nerve roots 
by synovitis or exudate in the adjacent joints It was further stated that the 
prognosis in all of these low back strains was, as a iule, good, but that chronic 
and recurimg cases usually require a longer time for cure 

In the intervening 20 years I have read a considerable part of the volumi- 
nous literature on low back pam and sciatica, but until recently I have not been 
sufficiently impressed to adopt any impoitant changes, either in the classifi- 
cation or methods of treatment outlined in that paper, except that I have grad- 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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ually eliminated the saci o-iliac strains At no time have I accepted the various 
current explanations of low back pam, such as fascitis, insufficiency of the 
vertebiae, facet syndiomes, instability of the lumbosacral spme, tight fascia 
lata, fibrositis, saciahzed transveise processes and other congenital anomalies 
m this legion spondylitis, sacro-ihac subluxations, apophyseal subluxations, 
apophyseal arthi ltis, ligamentous strains in this area, focal infections, etc 

When Bair and Mixter 2 reported their work on piotrusion of the nucleus 
pulposus, I, like most oithopedic surgeons, agreed that they had discovered 
the cause of the pain m a small percentage of the patients with low back pam 
and sciatica, but I was not at all interested in turning my patients over to a 
neurologic surgeon m order that he might inject hpiodol and search foi a 
filling defect m their spinal canals What happened to those patients m whom 
no filling defect was found ? In what percentage of the spmograms were the 
examinations negative ? Did these patients develop symptoms caused by the 
hpiodol 7 Did patients with piotrudmg disks get well without operation 7 
In vain I watched the literature foi answers to these questions and also for 
convincing leports on the end-results of disk operations 

Our patients with low back pam had been getting along pietty well and 
the first duty of the physician is to do no harm Experience had shown us 
that the great majority of our patients with low back pam, with or without 
sciatica, either continued their noimal activities during the period of pam 
or were able to resume them after a variable period of conservative treatment 
at home and the more lesistant cases were hospitalized and a very few of 
these were operated upon as a last resort But conservative treatment and 
time were given a chance to effect a cure before surgery was even contemplated 
The hpiodol injection and spinogram seemed to me to be a rather formidable 
procedure and I wanted none of it m my practice 

When Spurhng, Dandy, Semmes, Love and other neurologic surgeons 
began opeiatmg upon these patients on the basis of the history and physical 
examination, I became senously mtei ested in the subject and learned to 
perform the operation As practically all of my disk operations are done 
under local anesthesia, I soon discovered why orthopedic surgeons had not 
discoveied disk protrusions long ago It is because they had done little or no 
work m the spinal canal and did not know or appreciate the significance of 
the fact that the nerve roots within the canal are exquisitely sensitive as 
compared with the penpheial nerves Realization of this fact immediately 
focuses one’s attention on an mtiaspmal cause when dealing with leferred 
pam and it is found that a relatively slight lesion within the canal can cause 
severe symptoms 

It soon became evident that the piotiusion of the disk was a satisfactory 
explanation of the symptoms in patients with the typical disk syndiome, but 
what of all of the othei patients with low back pam of vaiying degree and m 
whom the pam may be localized m the low back 01 at times be felt m the 
buttocks, thigh, leg or foot 7 If these aie not disk lesions, what are they 7 
Even before I accepted a lesion of an intervertebral disk as a frequent 
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cause of this condition, I had giadually eliminated sacro-ihac strains as a 
cause of low back pam and sciatica This left the traumatic and the postuial 
type of low back pain Both ongmate in the lumbosacral area (fourth and 
fifth lumbar and first sacral veitebra) and may be of sudden or gradual 
onset and begin with oi without known cause In the tiaumatic type the pam 
is piedommantly umlateial and also tends to be lefened to tbe buttocks, pos- 
terior thigh, calf and even to the toes In the postural type the pain is in 
the nndline and bilateial m the lumbosacial legion and tends not to be 
refei red 

The physical findings in these patients vaiy directly w ith the seventy of 
the symptoms piesent at the time of the examination and all transitions exist 
between the patient with a complaint of mild unilateral low back pam who 
is completely negative on physical examination and one with a typical disk 
syndrome with seveie back and sciatic pam, marked muscle spasm and pam 
on movement, limitation of movement of the back and lower extremities and 
sensory and reflex changes m the involved lower extremity 

It is furthei to be noted that the symptoms may vary gieatly from time 
to time and even fiom day to day and while in some patients the symptoms 
and signs may persist for weeks oi months, in others even 24 hours’ rest in 
bed may pioduce a marked change in the clinical picture It, thus, may be 
possible to trace the various transition stages between tbe mild unilateral low 
back pain and the typical disk syndiome in a single patient if he is studied 
ovei a peuod of time and his symptoms become aggravated or subside during 
the period of observation Since the above is tine, why are not all of these 
tiaumatic type of lumbosacial strains due to lesions of an intei veitebral disk 7 
No othei cause has ever been demolish ated As is stated above, it is puie 
speculation to attribute the symptoms to any of the vanous diagnoses undei 
which these conditions have been tieated in the past A disk lesion is the 
most logical explanation of the diamatic lelief which is sometimes obtained 
by manipulation of the low back 

The postuial type of lumbosacial stiam is chaiacterized by a history of 
pam in the midline and across the low back and this pam is not leferred to 
the lowei extremities On physical examination these patients exhibit tender- 
ness on pressuie m the lumbosacral legion and the pam is aggravated by 
hypei extension of the low back In most instances the symptoms are not 
veiy seveie and the patients do veiy well undei conseivative treatment 
Howevei, in an occasional patient with a lumbosacral strain of the postural 
type operative treatment is advisable and m about 25 such instances I have 
explored the spinal canal in the lumbosacral region and have found and le- 
moved disks which piotruded in the midhne and m most, if not all, of these 
the operation was followed by lelief of the pam These cases are similar 
to those reported by Dandy 3 

In the postural type lumbosacral strains also there are all transitions 
between the mild and the severe cases and it may be possible to follow the 
changes in a single patient if he is examined at intervals while his symptoms 

536 



Volume 121 
Number 4 


INTERVERTEBRAL DISK LESIONS 


are becoming quiescent or aggravated If this is true, why are not all of these 
postuial types of lumbosacral strains caused by lesions of an intervertebral 
disk ? Ceitainly no other cause has been demonstrated Twenty years ago I 
wrote vaguely of “irritation of the posterior sacium caused by pressure of 
the articular processes of the last lumbai vertebia which m hypei extension 
glide down over their facets to impinge on the sacrum” (Key 1 ) This was 
unsatisfactory then, but nothing better has been offered until we have realized 
the fiequence and significance of lesions of the mtervertebial disks There is 
no question but that the mtervei tebral disk is not only subject to degenerative 
changes, but it is the most vulneiable stiuctuie to injury m the low back 
It is, thus evident that I now believe that in practically all patients with 
idiopathic low back pam the cause of the pam is within the spinal canal and 
that in over 90 pei cent of the cases this is a lesion of the mtei vertebral disk 
It is probable that in many of the mild cases the back pam originates m the disk 
itself, because frequently at operation under local anesthesia pam has been 
pioduced by pressure on the disk 01 on the adjacent periosteum or ligament 
or by manipulating an instrument within the disk and thus moving the 
adjacent vertebrae Also, it is significant that in most instances the back pam 
appears first and the gluteal or sciatic pam begins some days or weeks latei 
or may not appear until after one or more episodes of back pam It is pos- 
sible that some of the back pam is due to irritation of the neive roots and is 
referred along the posterior primary division of the involved spinal nerve 
The pioblem of diagnosis, then, is first to determine whether or not the 
patient’s pam originates in the low back This can be done by the history 
and physical examination In my experience if pam in the low back is the 
dominant symptom the pam is larely caused by gemto-urmaiy 01 pelvic 
disease Many gynecologists and urologists have spoken and wntten fieel) 
on gynecologic and kidney or prostatic low back pam, but I practically nevei 
see these patients If the pam is in the lumbosacral region and tins area is 
tender on deep pressuie and if the pam is aggravated by certain movements 
of the low back or lower extremities, then it originates m the low back The 
exceptions ai e so rare as to be negligible for all practical purposes Malinger- 
ing and psychoneui otic backache must be luled out, but these are not con- 
sidered as a part of idiopathic low back pam 

If the pam originates in the low back it may be due to a destructive disease 
of the bone, such as a neojilasm 01 tubeiculosis, to an ankylosing arthritis 01 
to a caudal tumoi, to a fractuie, 01 to a spondylolisthesis, and I suspect that 
in spondylolisthesis the pam is due to the lesion in the disk All of these 
conditions, except caudal tumors, can be diagnosed roentgenologically, unless 
they are examined very early m the disease As a group, they comprise 
less than 10 per cent of the cases of low back pam and over half of these 
are spondylolisthesis and less than a tenth of them are caudal tumors c 
This leaves ovei 90 per cent of the patients with low back pam and over 
98 per cent of those with so-called negative roentgenograms in the idiopathic 
group It is my opinion that in all of these the lesion is mtraspmal in origin 
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and is due to a lesion of the mtervei tebral disk No other pathology has evei 
been demonstrated as the cause of the pain It is understood that hypertrophic 
arthritis, a thickened hgamentum flavum, congenital anomalies of the spine 
and so-called unstable lumbosacral joints and the other conditions mentioned 
above are rejected as causes of low back pam The diagnosis is made from 
the histoiy and physical examination and no lumbar puncture or spinogram 
is necessary oi even advisable Roentgenograms may offer confirmatory 
evidence in that if the lesion is chiomc oi recunent the involved disk may be 
narrowed and the adjacent bone may be eburnated and its margins may be 
hypei trophied This ridging of the posterior margin of the vertebral body 
is considered a part of the disk lesion 

This does not mean that all of these patients should be operated upon and 
the offending disk oi disks removed As a matter of fact, in only about io 
per cent of these patients is an operation the treatment of choice In the great 
majority of them the symptoms eithei subside spontaneously or yield to 
conservative treatment and in the lemamder the pam and disability are not 
sufficient to warrant the operation 

It may be argued that in many of these patients no lupture or obvious 
protrusion of the disk is found at the operation This does not prove that 
the disks weie normal and Dandy’s 4 concealed disk is a very real and 
important conti lbution to this phase of the problem I, with many others, 
have been too slow in accepting it Its recognition peimits the surgeon to 
operate with more assurance that the cause of the patient’s pam will be 
found and relieved 

It is also argued that some patients continue to have pam after the 
operation This, too, is true and can be explained by ( I ) incomplete removal 
of the offending disk, (2) removal of the wrong disk or of only one disk 
when two or more are causing symptoms, (3) recuirence or protrusion of 
more disk material from the operated disk, (4) latei protrusion of a neigh- 
boring disk, (5) the piesence of a ridge of bone at the margin of the offending 
disk, (6) adhesions following the operation, (7) arachnoiditis or nerve 
damage from pressure by the disk, and (8) a tumor may have been missed 
Many of these umeheved cases should be operated upon a second time and 
at this operation a hemilaminectomy should be performed if necessary, and 
the lower lumbar canal exploied thoioughly in an effort to find and lemove 
the cause of the pam In my experience a spinal fusion has not relieved 
the pam m patients who have persistent pam and disability after an unsuc- 
cessful disk operation and I have now abandoned this procedure as a cure 
for idiopathic low back pam 

The spinal neive roots he close to the anterior wall of the canal and 
ire not subject to pressure by a thickened hgamentum flavum or the lamina 
It is thus difficult to explain the lelief sometimes obtained by the so-called 
decompression operations The lelief may be due to the careful freeing 
up of the nerve roots rather than to the decompression 

The diagnosis of idiopathic low back pam is no longer a problem, because 
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the teun is synonymous with a lesion of an mtervertebi al disk m the affected 
area And the same is true of most of those vague unexplained pains m the 
cervical and dorsal 1 egions m which no pathology or only hypertrophic changes 
m the vertebi ae can be demonstrated As stated above, hyperti ophic changes 
in the veitebrae aie not the cause of pain unless we include the ridging of 
the veitebral mat gins beneath the nerve roots which sometimes occurs m 
old chronic disk lesions, and I consider this part of the disk lesion It is 
not the same as the marginal lipping which is so commonly seen in the roent- 
genogram and does not occur unless the disk is damaged There will, of 
course, be an occasional rare exception to this rule 

It is, thus, immediately lecognized that the patient with idiopathic low 
back pain with or without sciatica has a lesion of an intei vertebral disk and 
the pioblem is to relieve his symptoms m the simplest and safest mannei 
If oui conservative measures fail we can then resort to surgical removal of 
the cause of the pam and offei him a reasonable chance of a cure This 
point of view must be accompanied by the knowledge that m many of these 
patients the symptoms subside spontaneously, and the film conviction that 
m most of the others they can be relieved by conservative treatment The 
fact that they may recur is not an adequate reason for operation unless the 
recurrences have been so frequent and severe that the patient’s comfort and 
welfare are seriously affected by the condition The operation is an elective 
major surgical procedure and should not be undertaken lightly 

CONCLUSION 

The conditions which we have called low back strains and classified as 
idiopathic low back pain are lesions of the intervertebral disks m this area 
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Discussion — Dr Gforge E Bennett, Baltimore, Md You have just heaid a 
keynote address on one of the planks of the platform of low back pain It is very 
interesting that Doctor Key has keynoted on the same subject on different occasions It 
is also interesting to have him summarize his statements with the fact that a large 
percentage of cases of low back pam are the result of disk lesions but that only ten 
per cent require operative interference This statement we should weigh well I should 
like to be here about 20 years fiom now, as I believe Doctor Key would retract some of 
the statements he made today, as he did some of the statements he made 20 years ago 
I do not wish to discuss the pros and cons of disk lesions I have one of the cervical 
spine I have had symptoms for 20 years and am still doing pretty well, and no neuro- 
surgeon I know wishes to operate upon it This is a broad subject and I belie\e orthopedic 
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surgeons, by and large, are very grateful for the monumental work done bj neurosurgeons 
m helping us in a certain percentage of backaches which, to us, are headaches 

Du Paul B Magnuson, Chicago, 111 There are many things in medicine which we 
cannot explain definitely, nor can we alwa\s put oui finger on the exact cause of symp- 
toms However, it does seem that a careful analysis should be made of all possible 
causes of pain in anv gnen location I ha\e no doubt that Doctor Key believes what 
he savs at this time, but I think, with Doctor Bennett, that we mav hear him retract 
his statements, or very materially modify them, in a few jears from now 

It is surpiisnig to me to hear a man of Doctoi Key’s knowledge and experience 
explain the common symptom of low back pam on the basis that it is usually due to 
rupture of an intervertebral disk Having known Doctor Key for a good many years, 
I am sure he knows the anatomv of the lower back, and also the pathology He is 
familiar with the tissues that make up the lower back, and the mechanical strains that 
are inflicted upon them, and he know's the conditions that cause pam in other joints 
of the bodv This being true, how' lie can glibly ignore the anatomic facts and calmh 
make the statement that the chief cause of low r back pain is ruptured inten ertcbral disk, 
is more than I can understand 

A study of the low'er back w'ould indicate that the tissues involved m its anatorm 
are the same as those m other joints, controlled by muscles and supported by ligaments 
the main difference being that these tissues are more closelv in contact with peripheral 
nerves and their exits , and that the nerves he in closer proximitv to the supporting 
structures of the back than is the case in most other locations The ligaments here 
are more easily strained because of the tremendous leverage put upon them It occurs 
to me that we must use common sense, as well as analytic skill and patience, in making 
our examination, and consider the patient as a w’hole and not just a pain in the back 

It would be very easy on a doctor’s mentality if he could attribute all pain m the 
upper right quadrant to gallstones and send the patient to the operating room without 
further to-do In my opinion, there is just as much logic in sending a patient to 
the operating room with a diagnosis of ruptured intervertebral disk, because he has a 
pain in the low back accompanied by sciatica 

The title of this paper is “Disk Lesions are the Chief Cause of Low r Back Pain” — 
let’s make a comparable statement “All kittens born in an oven arc biscuits 1” 

Dr Guy A Caldwtli, New Orleans, La Doctor Kev has presented a highh 
speculative problem Appaiently, his speculations were piompted bv a disco\en made 
while performing a laminectomy for removal of a ruptured intervertebral disk under 
local anesthesia , he noted that on poking an instrument into the disk and prying it 
against the ligaments he could produce low back pain similar to that of which the 
patient complained This finding, which has been previously commented upon bv 
several neurosurgeons, together with the history that is often obtained in such cases, 
that intermittent periods of low back pain precede the onset of sciatic pain, constitutes 
the evidence favoring the hypothesis that ruptured intervertebral disks are the chief 
cause of back pam I admit that these facts strongly suggest that pressure of a pro- 
truding nodule of cartilage against the intervertebral ligaments is the probable cause 
of the low back pain w'hich precedes the sciatic pain in proved cases of ruptured 
disk How 7 evei, I cannot believe that all back pam is caused bv degenerated disks 
tiying to force their w 7 ay through the intervertebral ligaments, overstretching the same 
ligaments by postural strain or injury doubtless has the same effect Arthritic changes 
m the joints formed bv the articular facets have been demonstrated by gross pathologic 
and histologic examinations of the synovial tissue It is reasonable that pam could 
originate from these and be referred to the same location as udien the corresponding 
disk is involved 

If we accept Doctor Key’s hypothesis that degeneration of the disk is the chief 
cause of backache, his method of treating them by incision and curettage still remains 
open to question Removal of diseased portions does not necessarilv arrest the degenera- 
tive process Complete removal of the disk by curettage is virtually impossible, and 
even if it could be accomplished we do not know that it would stop back pam or even 
the protrusion of more disk material against the intervertebral ligament Until we 
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know the causes of degeneration of the disk, we cannot have a logical treatment for 
preventing or controlling herniation Certainly', curettage of the unruptured “hidden” 
disk appears illogical 

Curettage of the disk foi relief of back pam should not be regarded as comparable 
to removal of a disk nodule which is protruding against and compressing a nerve 

root The latter has a rational basis, piesents a characteristic syndrome that can 

usually be proved by roentgenogi aphic examination in an opaque medium and the 

results in well-selected, proved cases are excellent These probably comprise the 
majority of the ten per cent of cases to which Doctor Key has referred 

To me, Doctoi Key’s speculations have been interesting but have added nothing to 
our real knowledge of the causes of back pam 

Dr R L Rhodes, Augusta, Ga After the facetious remarks of the previous dis- 
cussers I rather hesitate to speak, but I feel very strongly upon one point which I 
offer for your consideration Down our way we have a man who has done a good 
deaf of work on nutritional problems, as many of you know — Doctor Sj'denstricker Undei 
this stimulus I began the study of these cases from the standpoint of nutrition and have 
come to the conclusion that many of them do not belong in the realm of surgery but 
in that of internal medicine — problems of malnutrition and avitaminosis In manj r 

cases a careful history wall meal that the3 r have or have had pains in other nerves 
of the bodj , facial, intercostal, etc , in addition to the pam in the back and down the 
sciatic nerve Internists aie seeing main more cases of neuritis of various nerves 
than ever before, and lay less stress upon focal infection and moie upon malnutrition and 
avitaminosis as the causatne factois * 

I have had more than 100 cases, ha\ e not opeiated upon one, or seen occasion to 
refei one to a neurosurgeon for operation Ail aie people who hare been living upon 
a high acid-ash diet which not onh produces a so-called “acidosis” but is low' in some of 
the vitamins They have cleaied up under a carefulh balanced diet chemically, rathei 
to the alkaline-ash side to start with and swinging to a normal balance as improve- 
ment occurs, plus large doses ot the B-group vitamins, thiamin 50 to 100 mg, nicotinic 
acid 50 to 100 mg, and riboflavin 5 mg three times a da}', this being reduced as pain 
and discomfort lessen A good many' of these patients had been advised to have a disk 
removed and sought other advice before submitting to the operation 

In addition to these, I have had 18 cases who had had disk operations, and who 
were suffering as much or more than before the operation, several having also one 
or more other nerves inv oh ed These, also, hav'e cleared up under the measures outlined 
above, and four of them are now 111 the armed forces Thei efore I leave this thought — 
that chemical imbalance of diet and vitamin deficiencies (avitaminosis) are tremendous 
factors in the solution of many of these pioblems 

Dr W J Mixttr, Boston, Mass It seems that the early work in the intervertebral 
disk has stirred up a hornets’ nest I cannot go all the waj with Doctor Key in his 
specuktions I feel, when it comes to the question of making a diagnosis of rup- 
tured intervertebral disk, that I must have pretty definite evidence before I will accept the 
diagnosis I expect to find a fairly' classical syndrome, with sciatica, and I want to have 
visualization by an opaque material, preferably' pantopaque This is my personal opinion 111 
the matter of making the diagnosis of ruptured intervertebral disk I have operated upon a . 
considerable number of cases without visualization of a ruptured disk or with negative 
visualization Once in a while you w ill find a definite protrusion more often you will not 
These patients do badly , thev come back to haunt you, particularly if you have 
stirred up a disk that was comparatively' normal 

My r feeling is that I am only interested in the case that demands surgery', in which 
I can prove a ruptured disk, and I do not want to make that diagnosis unless I can 
prove it bv a protrusion I can see m the spinal canal following visualization The 
other cases I would prefer to leave, temporarily at least, as an unsolved problem 

Dr Philip Wilson, New York, N Y I think Doctor Ivey must have foreseen 
that the paper he was to present at this meeting would arouse considerable discussion 
and it may have been with the idea of obtaining some support that he invited me as a 
guest Whatever the motive, however, I am grateful to lum for the opportunity to be 
present 
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Doctor Key framed the title of his paper as a challenge So far as he is concerned, 
he is convinced that the interveitebial disk is the site of the elusive pathologic changes we 
have been tiymg to find in order to understand better this great medical problem of 
low back pain He challenges the rest of us to show that he is wrong, I do not 
believe we can show he is wiong any more than lie can prove he is right Of 
course, lie is excluding from this consideration those cases m which pathologic changes 
of various types can be demonstrated rocntgenologically But when jou have substracted 
these cases there still lcmams a very large group of cases of low back pam The 
militan hospitals arc full of them — young men partly or completely disabled, whose 
spinal roentgenograms are completely negative The one new fact added to our 
knowledge in the last 12 years is an appreciation of the changes, partly degenerative and 
parth tiaumatic, that may take place in the intervertebral disks of the lumbar spine I 
think if we start from what we have learned in this respect and enlarge and expand the 
idea a little we will arrive at a position that is not far behind that of Doctor Key 

I will go along with him this far, but I will not agree if the therapeutic implication 
is to be drawn that the condition is to be treated by direct surgical attack on the injured 
disk As a matter of fact Doctor Key more or less skipped the question of treatment, 
and perhaps he will elucidate more m his closing remarks We recognize the group 
of cases with symptoms and signs of intervertebral disk protrusion and agree that a 
considerable propoition of these require operative treatment, but the remaining cases 
without evidence of nerve root irritation — and they outnumber the former group b) 
a ratio of at least 50 to one — are in an entirelj different class Many respond favorably 
to conservative treatment, rest, support and coriectne postural exercises When they do 
not respond or when they have had so much pain and disability as to require relief from 
surgery, spinal fusion is the procedure of choice Immobilization of the damaged 
joints by an induced bonj ankylosis will gne complete relief Most results from these 
operations have been successful When pam continues or recurs, a careful check will 
generally show that the cause is a failure to obtain fusion 

Dr Frank P Strickler, Louisville, Ky I want to speak on this subject from 
the standpoint of the patient We have had a regular epidemic of nucleus pulposus opera- 
tions in Louisville, and in many cases with very bad results I, therefore, want to 
register a plea for conservatne treatment of these low back cases ' The brakes have to 
be put on this surgical operation somewhere In my opinion, far too much surgery 
has been undertaken on these cases in my locality, and I am convinced that operation 
was not indicated in a number of these patients, for I have examined about 150 of these 
patients who have been operated upon and the results were shockingly bad In fact, 
such poor results have been obtained that a number of industrial insurance companies 
in Louisville have refused to have this operation performed upon their patients There 
is nothing difficult about the operation and, in some few cases, it is probably indicated 
But what about the patient 7 His symptoms are not relieved, and as soon as he applies 
for a job and is examined and the classical scar is exposed, he is up against it, no one 
wants to take a chance on him or his back So he still has his symptoms and, in 
addition, has a very difficult time in finding employment 

Let us use some practical common sense before these patients are operated upon, along 
with observation and painstaking physical examination This operation is not to be 
taken casually by either the surgeon or the patient, from the standpoint of after-results 

Major Barnes Woodhall, Washington, D C It may be of some interest to the 
Association to know something about the results of our treatment of cases of ruptured 
intervertebral disk m the Army These statistics were gathered through the kindness 
of Lt Col Michael DeBakey of the Surgeon-General’s office During 1943 the diagnosis 
of ruptured intervertebral disk was made in approximately 2,450 patients Because of the 
line of duty status, or for some other reason, approximately three-fourths of these 
patients were treated conservatively By the first of August, 1944, a sample analysis of 
this group showed that 78 per cent had been discharged from the Army, the assumption 
being that they could not stand the wear and tear of Army life A sample of the cases 
operated upon showed that 31 per cent had been discharged from the Army by August 
I, 1944 Among officers, between o and 15 per cent were discharged following operation 
for a protruded disk 
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The disposition of patients m the Army depends to a large extent upon man-powei 
requiiements During this period of time we weie trying to send men back to even re- 
stricted types of duty I might add that all the patients operated upon had eithei the class- 
ical neurologic picture of a mptured disk or the lesion was demonsti ated by pantopaquc 
myelography All ruptured disks were visualized at operation and there were no 
concealed disks 

Dr Joseph E J King, New York, N Y I want to issue a serious warning against 
making a fad out of this question of herniation of the intervertebral disk It would be 
a pity and a catastrophe if the fine work started by Doctor Mixter and Doctor Barr, to 
whom full credit should be given, should be prostituted We have had plenty of fads 
and fancies in connection with low back pain As all of you may remember, there was a 
time when, if a patient could be peisuaded to he on the table on his abdomen for a 
certain period of time, he would get a spinal fusion This was true especially m certain 
localities Fortunately, this kind of teaching has disappeared foi we have all seen the 
bad effects of it 

In recent years, various men seem to assume that practically all low back pam was 
due to a ruptured disk, and the patient should be operated upon If this continues there 
will be many bad results, as has been stated by Doctor Strickler, and people will not be 
relieved It goes without saying that m an instance of true herniation of the disk, it 
should be removed and a good result can be expected in the majority of cases It is a 
great pity that men in high position should speak so glibly regarding the association 
of an herniated disk \\ ith any and all forms of low back pam, and I am afraid that when 
such teaching emanates from high sources, and is disseminated throughout the country, 
especially down in the smallei communities, many of the younger men will consider 
the teaching as authentic, and many bad surgical results will follow 

Dr J Albert Key, St Louis, Mo (closing) I shall try not to leave anybody out 
In answer to Doctor Bennett’s remarks, that paper was published m 1924, and I have not 
published a word on the back since — because I did not know 

In answer to Doctor Magnuson, all the physiologic, anatomic and functional reasons 
for low back pain and sciatica have been investigated and not until the disk lesions were 
discovered did we have something we could put our finger on and take out and examine 
pathologically — and know that this was the cause of the pam 

In answer to Doctor King, orthopedic surgeons have been interested m the disk 
problem from the beginning I have not forgotten Joe Barr, and I am sure Doctor 
Mixter would be the first to admit that he had a lot to do with the discovery of the disk 
as a cause of low back pain and sciatica We know that disks degenerate after operation 
and before operation, and often without anj symptoms whatever Anyone who examines 
roentgenograms of the low back knows that he sees many films of patients who have 
objective evidence of degenerative processes in the disks, who give no history of pain 
in the back or of sciatica 

I agree with Doctor Caldwell that this paper does not add to our knowledge of 
low back pam , it contains no new discoveries It merely correlates and rationally inter- 
prets facts that have been known for 3 r ears, which are still being misinterpreted Treat- 
ment is not included in this paper I do not think the perpetuation of ignorance is going 
to help treatment The fact that we now know the cause of the trouble does not mean 
that we have to subject our patients to operation if they can be relieved by conservative 
treatment But we might as well know what we are trying to treat instead of trying 
to immobilize the spine with the hope that the pain will subside 

Ever since vitamins became fashionable I have given all my patients vitamin B — 
so much so that they think I hare stock in the company — but it does not cure this lesion 
This lesion is not due to polyneuritis nor to nutritional deficiency 

Of course we like to avoid stirring up a normal disk and sometimes it is difficult to 
decide whether the disk is normal or not If I decide that a given disk is the cause of 
pam (this is a concealed disk) I take it out And the more experience I have with 
this condition, the more apt I am to find something that is the cause of pain It is fine 
for the neurosurgeons to say that they do not operate except for the typical s}ndrome, 
but they send the patient back to the orthopedic surgeon for treatment The orthopedic 
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burgeon holds the bag — and a relatively small percentage of these patients ha\e the typical 
tlisk syndrome, but many of them demand relief 

In answer to Doctoi Wilson’s saying that the disk problem is nQt proved, it is not 
completely solved, but nothing is proved in surgery if this is not proved As to the results 
of spinal fusion, I have reoperated upon five of my own fusions this past summer — and 
one was not fused — but the pain for which the second operation was performed was due 
to the disk lesion which I did not find at the first operation, and not to the lack of fusion 

In answer to Doctor Strickler concerning the 150 cases now on his hands who have 
been made worse by the operation following this epidemic in his city, that must have 
been very poor surgery, poorly conceived and executed Everybody knows of some case 
that has become worse following the operation, but the number is very small Certainly', 
in less than five per cent — I would say in less than one per cent — are the symptoms worse 
after the operation This would mean that his office is now afflicted with all the failures 
m about 15,000 operated cases In mv hands the operation is satisfactory in about 85 
per cent of the cases This does not mean that they are all completely relieved, but they 
are glad they had the operation and so am I In about 15 per cent they are a good 
deal better, but not enough to return to their former occupation, and some of these 
ha-ve a good deal of pain Then there is a very' occasional patient (about one per cent) 
who claims that the disability is woise I have one case I wish I had never seen, and 
three or four more that I would just as soon have never seen With most of them 
I am very happy 

I did not know that 69 pei cent of the enlisted men m the Army with disk operations 
went back to duty' I think that this is icmarkable I did not know that practically all 
officers went back to duty I think the Army' is going to reclassify a lot of these backs 
and use them in light work This is the answer, just as in civil life 

The history' is the important thing in deciding whether or not to operate What can 
they do 7 What will tliev be able to do aftei the operation 7 If thev cannot be relieved 
bv conseivative treatment and aie sufficientlv disabled I operate upon them * 
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CURRENT CONSIDERATIONS OF WAR SURGERY * 
Lt Col Michael E DeBakey, M C , A U S , 

AND 

Col B Noland Carter, M C , A U S 


Approximately three years ago to the day, this country was suddenly 
and furiously plunged into war Since then many impressive developments 
have taken place both m the character and progress of the war and in the 
methods and procedures utilized m its prosecution Three years of combat 
experience have stripped us of many encumbering and awkward practices 
and have provided us with more pioficient qualities m waging war Similarly, 
in the areas of the war in which we as surgeons are principally concerned, 
namely, the care of the wounded, combat experience has exerted its inevitably 
progressive influence The concentrated experience and the accelerated 
activity that accompany war permit a more rapid evaluation of the methods 
and procedures that are applied, and tend to produce early improvements 
and advances Measures that prove ineffectual are soon discarded and 
those found efficacious are just as quickly adopted This accounts for the 
changes in concepts and modifications in military surgical practices that have 
occurred during the past three yeais of combat experience 

It seems fitting at this time to review, in the light of this and previous 
experience, some of these developments, to assess the value of procedure 
adopted, and to indicate the trends in surgical thought on the care of the 
wounded as obtained fiom and reflected by all sources available to The 
Surgeon-General’s Office Proper appraisal of current practice demands 
comparison with previous experience and, for this reason, it has been deemed 
desirable to refer wherever it has seemed pertinent to methods and views 
of previous wars It is a curious but interesting observation that many of 
the methods and procedures finally adopted at the close of the last war “had 
been attempted by surgeons in bygone wars ” As emphasized recently by 
Major General Philip Mitchiner “It is a great pity that our surgeons and 
would-be surgeons had not acquainted themselves with the Official History 
of the War of 1914—18 concerning the Medical Services and the principles 
and practices during that period,” for again in this war, as will be shown 
below, there has been some evident disregard of the experience gained and 
lesson's-^earned in the last war As commented previously, learning 
preferably by immediate and often bittei experience would seem to be not 
an uncommon human frailty 4 

*Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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SHOCK 

Shock has long been considered one of the most serious problems facing 
the mihtaiy surgeon, and at the onset of this war great confidence was 
placed in its therapeutic solution by the development of plasma Although 
the development of plasma has undoubtedly been a great contribution, its 
usefulness in shock therapy can now be viewed in proper perspective Un- 
fortunately, the early enthusiasm that accompanied this development was so 
forceful that it pushed aside sound clinical judgment and led to the widespread 
misconception that plasma could be used as an effective and complete physio- 
logic substitute for whole blood in the management of shock in the seriously 
wounded This misconception became so firmly entrenched in the minds of 
both administrative and professional personnel that it somewhat handicapped 
the organization and development of more effective measures for the man- 
agement of shock With increasing experience in the treatment of shock, it 
became more and more evident that plasma could not be used as a complete 
substitute for whole blood It v r as found that while seriously v r ounded men 
could be brought out of shock with plasma, they w'ere frequently unable to 
withstand the life-saving surgery that was subsequently necessary Super- 
ficially, such patients appeared ready for surgery, but it w'as soon realized 
that this appearance gave a false sense of security for even movement of 
the patient, anesthesia, and other procedures in preparation for surgery 
often caused the patient to fall back into shock It soon became evident 
that whole blood transfusion was essential for the proper resuscitation 
of these patients and that whole blood is the only therapeutic agent that 
will prepare senously wounded patients to withstand the surgery that 
is essential for the saving of life and limb It was further demonstrated 
that whole blood transfusion at the time of initial treatment will reduce 
the incidence and morbidity of wound infection during convalescence 

Shock in the great majority of battle casualties is accompanied by 
considerable loss of blood The reduced blood volume is due to the loss 
of both the cellular and the fluid elements of the blood In such cases, 
the use of plasma may restoie the blood volume but the oxygen-carrying 
capacity of the circulating blood remains embarrassed For this reason, 
the transfusion of whole blood is more effective because it not only 
supplements the circulating blood volume but it also replenishes its oxygen- 
carrying capacity In shock that is accompanied by little or no loss of 
blood, such as occurs in the early stages of bums, crushing injuries, extreme 
dehydration, or excessive visceral manipulation, the use of plasma may be 
considered prefeiable Unfortunately, this type of shock is relatively in- 
frequent in warfare 

The great military advantage of plasma lies m the fact that it can be 
used in situations where the procurement of whole blood is impractical 
Its use, under such circumstances, is invaluable for, even in hematogenic shock, 
it can restore the circulating blood volume and thus, by preventing or 
reducing the effects of shock, tide the patient over the critical period which 
may be required for evacuation to a hospital or some othei installation where 
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whole blood is available and life-saving surgery can be performed Thus, 
the sobering light of actual experience has delineated more clearly the indica- 
tions and the rationale of both plasma and whole blood They are both 
extiemely valuable in the management of shock, but they have their individual 
and specific purposes and, to be efficacious, must be used accordingly The 
change in attitude of Army surgeons toward the use of whole blood can be 
illustrated by the fact that the present latio of its use to that of plasma 
is one to one m contrast to the latio ot one to three m the eaiher phases 
of the wai In the seriously wounded the amounts of whole blood requned 
is even greater than this latio would indicate The recent development of 
the unprecedented program of shipping blood by air from this country directly 
to our hospitals on the fighting fionts further underlines the importance of 
whole blood transfusion 

Plasma, of course, w r as not available in the last war, although its use 
w r as suggested 33 However, the value of wdiole blood transfusion m the 
treatment of shock m the seriously w’ounded Avas fully recognized Moreover, 
wdiole blood tiansfusion w’as employed then in much the same way as now, 
albeit on a much less extensive scale Thus, in discussing the pioblem of pro- 
viding ample supplies of wdiole blood for ti ansfusion at the front, it was stated 
m the British Official Histoiy of the last war that “It was felt that if whole 
blood could be diawm off fiom donois during times of inactivity and stoied 
ready for use during ‘rush’ periods, one of the disadvantages of transfusion, 
namely, the tune absorbed in its performance, would be obviated The 
giving of blood would then make no more demand on the overworked surgical 
staff than the giving of a saline infusion ” 11 Aftei it has been demon- 
strated that “Blood, when received into a solution of dextrose and sodium 
citrate and kept cold could be preserved for several weeks,” the principle 
w ? as tested under war conditions and found satisfactory In descnbmg the 
use of this method in the Divisional Area, it w f as further stated that “A 
store of preserved blood w r as kept at the center from which supplies could be 
drawn for transfusion in the forward area ” “This plan of preparing before- 
hand bottles of citrated blood ready for use was carried out with great success 
during the heavy fighting in the summer and autumn of 1918 ” 1X 

There is one other feature of shock that deserves consideration and has 
perhaps not been sufficiently appreciated This is concerned with the lethal 
sequelae of shock During peacetime shock is observed relatively infrequently 
and experience with the condition nevei appioaches the massive scale that 
occurs in w r ar The lethal sequelae are, therefore, less evident and tend to 
be less impressive In w r ar, howevei, experience wuth the condition mounts 
lapidly and attention is directed more forcibly tow r ard these sequelae More- 
over, because of certain conditions imposed by w r ar, wmunded men may be 
m a state of shock with reduced circulating blood volume for a period of 
hours The ample use of plasma and wdiole blood may permit their resusci- 
tation and even the performance of surgical procedures Despite this, a 
numbei of these cases have been observed to die with manifestations of anuria 
or reduced urinary output With more effective methods of resuscitation and 
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improved standards of surgery, these lethal sequelae of shock are becoming 
more apparent They may be attributed essentially to asphyxia of organs or 
tissues during the prolonged period of reduced volume flow of blood Irrep- 
arable damage from shock in such delayed deaths has been demonstrated 
in the brain, the kidney, and possibly the liver The urinary suppression 
m these cases maj' also be associated with kidney damage resulting from the 
accumulation and deposition in this organ of liberated hemoglobin or 
myoglobin in the cn dilation Still another factor that may play an important 
lole in the impairment of kidney function in these cases is the presence of 
sulfonamides It has not yet been ascertained which of these agents or 
their combinations is responsible for the serious kidney damage Field 
studies are being conducted which, it is hoped, will throw further light 
on this interesting problem 


WOUND MANAGEMENT 

The most common errois m the management of war wounds have been 
concerned essentially with an inadequate concept of the term “debridement,” 
an insufficient realization of the importance of leaving war wounds open 01 
of the proper application of dressings m those left open, and the failure to 
lecogmze the need for splitting or bivalving encasements All of these 
mistakes weie observed in the last war and the essential principles of wound 
management which have now'' been finally adopted, at a higher level and on 
a much greater scale than evei before, w ere arrived at, perhaps more painfully, 
in the last w'ai 

Much confusion has arisen about the teims “debridement” , “epluchage 
‘par age” , “wmund revision’’, “wound excision”, and “wound trimming ” 
There is an apparent need for an adequate expression of just what is meant 
by each teim, paiticularly as regards the amount of tissue removed Perhaps 
some of the confusion has evolved from the difficulty of putting into practice 
the original and idealistic procedure descubed, in 1 897, by Friedrich, whose 
aim, on the basis of his expet iments, was to remove bacteria from the wound 
by wide excision of the contaminated tissue in a single mass, such as is done 
for malignancy This is a theoretical rather than a practical concept and the 
physiologically-minded surgeons, who recognize the wusdom of natural pro- 
cesses and know the full meaning of war wounds, find it difficult to accept this 
procedure as a practicable surgical maneuver The practically -minded French 
surgeons have evolved a more realistic and rational procedure and use the 
term “debridement” to describe the opening of the w'ound 1 by incision m ordei 
to expose all recesses, which seems to approximate fairly closely the sense m 
which the term was originally used by Desault, 1 and by Larrey 12 The terms 
“epluchage” and “parage” refer to the second step of the operation, 1 e , the 
removal of contaminated devitalized tissue As indicated by the terms, 
“epluchage” may be described as a “peeling” of the inner surface of the wound 
and “parage” as a more radical “paring”, the distinction is quantitative and 
relates to the amount of tissue removed In their effort to abandon the term 
“excision” and the concept associated with it, the British surgeons m the Mid- 
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die East adopted the term “wound trimming ” Unfortunately, this has led to 
further confusion and the misconception that all that was necessary was the 
removal of loose tags and readily available foreign bodies Perhaps some have 
performed the procedure m this manner, but it does not conform with the 
definition of the operation as “the removal of foreign matter and dead tissue 
and the relief of tension by incisions planned to facilitate drainage” 8 It is 
clear from this definition that at least some British surgeons, like the French 
surgeons and others who have learned by actual experience, have merely 
rejected the onginal idealistic concept that assumes the feasibility of excision 
of the wound en bloc, and have accepted the more rational and practical pro- 
cedure of eliminating those local conditions of the wound which contribute to 
the development of infection Although some differences may exist as to the 
actual amount of tissue that should be removed or to the extraction of metallic 
fragments, there now seems to be fairly general accord among experienced 
war surgeons on certain pi maples, all of which became well recognized 
tow ard the close of the last war The first of these is the provision of adequate 
exposure by incision The track must be laid open throughout its extent In 
most cases, this implies removal of the foreign body, for it is not otherwise 
possible to expose all recesses of the w'ound Under ceitam circumstances 
where small shell fragments are unlikely to cause trouble and where their 
removal would unduly lengthen the operation and endanger the patient, it is 
perhaps best to leave the foreign body alone The failure to perform this step 
m the operation, i e , free incision of the u r ound, is perhaps the most common 
mistake of the beginner and is often combined with another error, over- 
excision of the skin This latter mistake, i e , the excessive removal of skm, 
probably stems from the original conception that included this as a part of the 
ritual of debridement when the w'ound is subsequently closed by primary 
suture It is not only unnecessaiy when wounds are to be left open, but is 
actually harmful because it delays healing and increases the difficulties of 
secondary closure The second important principle upon which all agree, and 
which interestingly enough was fully appreciated and emphasized by Botallo in 
the 1 6 th century, 2 is the removal of all devitalized tissue in the wound There 
may be some difference concerning the extent of this removal Some, like the 
British, are more sparing of bruised tissue while others, like the French, who 
lean towards “ paiage ” are perhaps more radical It u r ould seem from the 
descriptions given by Colonel E D Churchill, 6 the Surgical Consultant m 
North Africa and the Mediterranean Theater of Operation, that the procedure 
advocated and performed by the Amei leans, at least on that fighting front, is 
somewhat more radical than the “ephichage” of the French or the “wound 
trimming” of the British, and less radical than the “paiage” of the French If 
the principle of removal of all devitalized tissue is accepted, different usage of 
terms assumes academic significance only and the extent of the operation 
becomes a measuie of the technical skill and clinical judgment of the surgeon 
The third principle upon which there is complete agreement is drainage, i e , 
leaving all war w ounds open Despite constant emphasis and repeated publica- 
tions, attempts to “get away with” closure are still observed, especially by sur- 
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geons recently arrived in battle areas There has also been a tendency to 
occlude drainage by a tight pack of vaselined gauze rather than merely to keep 
the sides of the wound apart by loosely placed gauze In this connection, recent 
studies indicate that fine-mesh plain gauze is perhaps superior to vaselined 
gauze, an observation that receives some support from the authors’ experience 
The fourth and final pi mciple is immobilization, the significance of which was 
fully recognized by Hunter who stated that “The first and great requisite for 
the lestoiation of wounded paits is rest, as it allows that action which is 
necessary for 1 epau to go on without intei ruption ” Here, too, there may be 
some divergence of opinion 1 egardmg the details of carrying out this principle 
The use of plastei encasements has been found most satisfactory for this pur- 
pose, but padding and splitting or bivalvmg the encasement to avoid constric- 
tion has been considered essential although their omission have been common 
enors The prolonged splinting of war wounds by the closed plaster method 
as conceived and used by Pirogoff m the Crimean War and by Ollier, Orr 
and Trueta in subsequent wars is no longer considered satisfactory for the 
majority of battle casualties The tendency to veer away from the long- 
continued closed plaster treatment of war wounds is a natural consequence of 
the evolution of the rnoie rational philosophy of wound management that 
places emphasis on early closure and healing through reparative surgery The 
closed plaster treatment obviously does not fit into this program of wound 
management, since early inspection of the wound and efforts directed toward 
its closure by secondary sutuie or giafts precludes uninterrupted prolonged 
encasement Howevei, in ceitain types of mj lines m which early closure is 
not feasible, such as in compound fractures, paiticularly those of the lower 
leg with laige soft-tissue defect and established bone infection, it may still 
be applied 

Judged by the highest standaids of civilian practice, the military environ- 
ment piecludes ideal surgical piactice and imposes certain modifications upon 
the treatment of the wounded In civilian life, the injured patient is hospital- 
ized and operated upon within a few hours aftei injury Since the average 
patient can lemam m the hospital undei close observation until his recovery, it 
is possible to peifoim a single operation consisting of two phases first, the 
debridement or removal of all devitalized tissue, and then the surgical closure 
of the wound In military surgery, the ideal conditions of civilian practice 
larely exist The time-lag between wounding and suigical treatment usually 
far exceeds the period within which “safe” initial closuie of the wound is 
possible Even were it possible to institute surgeiy within a few hours after 
wounding, the necessity for rapid evacuation in the interest of the mobility of 
the forward units would usually make it dangerous to institute primary closure 
immediately following initial wound surgery Although a ceitam proportion 
of wounds treated in this manner would heal satisfactorily, it is not possible to 
know with certainty in which infection will develop Primary closure enhances 
the development of life-endangering infection and interruption in the continuity 
of professional supervision imposed by evacuation precludes its early detection 
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For these reasons, it has become a well-established principle of military surgery 
that wounds shall be left open after the initial debridement Although the 
adoption of this rule has been justified as a safeguard against infection, the 
inevitable consequence has been a heavy penalty in the form of protracted 
convalescence and the formation of excessive scar tissue Efforts to obviate 
these disadvantages have led to the development of a plan of wound manage- 
ment which constitutes, through its extensive application, a significant advance 
m military surgery 

This plan, so admirably described by Colonel Churchill, 5 is based upon a 
concept of wound management that provides the early routine closure by 
suture of wounds left unsutured at the initial operation With the widespread 
use of secondary closure in wound surgery, the treatment of senous wounds 
has approached the ideal technic possible under nonmilitar) conditions, the 
major differences being that the two phases of a single operation are separated 
into two distinct opeiations performed at different echelons of medical care 
The initial phase, done in the forward area, is directed toward the prevention 
of infection and the preparation of the patient for transportation Proper 
debridement of the wound minimizes the chances of infection and prepares the 
way for prompt and successful secondary suture follow ing evacuation Chemo- 
therapy, as seen m the use of the sulfonamides and penicillin, is of value m 
reducing the extent and gravity of invasive infection, but it cannot take the 
place or minimize the importance of good primary surgery 

The next step in the care of the wound under this plan of wound manage- 
ment is the secondary, or what has been teimed the reparative phase, usually 
done after the patient has been transported to a base hospital If the initial 
wound operation has been complete, the wound may be closed by suture, 
usually at the time of the first dressing on or after the fourth day The pioper 
time for secondary closure by suture is determined by the gross appearance of 
the wound rather than by bactenologic studies as was formerly considered 
necessary This shift of emphasis from the microscopic to the clinical appraisal 
of the wound, which cuts across the lengthy arduous laboratory procedure that 
was previously considered a requisite for secondary suture, is a real advance m 
itself and is partly responsible for the practicability of secondary wound clo- 
sure on a large scale If there is evidence of slight infection, appropriate meas- 
ures are taken to “clean-up” the wound prior to instituting secondary closure, 
usually a few- days later If the established infection is severe, or if the patient 
is toxic or anemic, a course of penicillin therapy and blood transfusion is 
instituted and followed by surgical revision of the wound and staged closure 
The number of soft-part wounds closed m the manner described reach w r ell 
into the thousands Good healing has been recorded m from 90 to 95 per cent 
and no serious complications have been observed The more complicated types 
of wounds, such as those involving bones or joints or those manifesting pene- 
tration of the viscera, require more elaborate care In these w ounds, there is 
greater danger of infection and penicillin has been relied upon to prevent infec- 
tion during both stages of treatment and until the danger of infection is past 
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Surgical proceduies have been performed in this manner which, it is believed, 
would not otherwise have been possible Also of impoi tance m these cases is 
the recognition of the need for correcting secondary anemia from initial blood 
loss, for otherwise chronic infection is encouraged and healing delayed In 
order to withstand the extensive corrective surgery which many of these 
patients require, adequate support by means of whole blood transfusion is 
essential 

Thus, it may be obseived that a sound and significant concept in the 
suigical care of the wounded has been finally developed and now applied on a 
large scale Healing is acceleiated, restoration of function is hastened, and 
ultimate disability and defoinnty aie minimized by this plan of wound man- 
agement Cairied to its full extent, it is a plan that embraces three phases in 
the surgical tieatment of the wounded, pi unary or initial, secondary or repara- 
tive, and teitiaiy 01 1 econstructive The first two are performed in the 
theateis of opeiation and the tlnid is a function of specialized centers in gen- 
eral hospitals in this countiy By pioperly coordinating these three phases in 
time and space a closer appi oacli to the ideal methods of \\ ound management 
within the limits of a military setting is achieved 

While this plan of wound management, through its application on a more 
extensive scale and at a higher surgical level than ever before and through 
better integration of its phases, constitutes a real advance in military surgery, 
it is of interest to review pi evious experiences along these lines 19-28 It would 
seem that here too there has been some lag in the effort made to utilize, from 
the last war, the “wisdom purchased at so tremendous a price ” The slow, 
costly, and tedious progress that was made in this direction during the first 
thiee years of combat expenence in the last war has been vividly portrayed 
in the British Official History, the pages of which read with greater currency 
than we are wont to admit 3 ’ 19 Eloquent evidence of this is afforded by the 
unanimous conclusions of the Inter- Allied Surgical Conference held in Pans 
in 1917, some of which are well worth quoting now 19 

“ ( 1 ) It is desirable that the organization of the Medical Service should be 
so dnected as to permit of continuity in tbe supervision of the treatment of 
the wounded men 

“(2) Rapid transport to one of the casualty clearing stations is essential 
“(3) It is an advantage if each of these units has one or more advanced 
sections nearei to the firing line, for the reception of patients seriously 
wounded (such as those suffering from shock, profuse hemorrhage, wounds of 
the chest, abdomen, etc ) 

“(4) All wounds of war must be considered to be either contaminated or 
infected 

“(5) The object of treatment should be 

“(a) To prevent development of infection if the wound is still in the 
stage of contamination, or to procure sterilization if infection has already 
developed 

“(b) To permit of secondary suture, when sterilization is realized 
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“(6) In the pnmary treatment of the wound, excision of contused and 
laceiated tissue and the removal of fragments of clothing or foreign bodies 
must be considered as the rule except m certain cases where the patient cannot 
be kept undei supervision 

“( 7 ) When the wound has thus been properly prepared, pnmary suture 
may give good results, especially m the case of wounds of the joints Primary 
suture is not to be undei taken unless the wound is only of some hours’ standing 
(at the most eight hours), and only when the surgeon can retain the patient 
under his own obseivation foi 15 days 

“(8) If primaty suture be not undertaken, secondaiy suture should be 
pel formed when the clinical signs indicate that the wound is surgically sterile 
“(9) Several methods for the progressive sterilization of wounds are 
available, which allow of the loutme practice of secondary sutuie” 

These conclusions show a close parallel with recent trend of thought in 
wound management and towards the end of the last war this parallel appears 
even more striking Greater and greatei emphasis was placed on the very 
principles which we now stress Thus, “m the pnmary treatment of wounds, 
it was abundantly shown that if the suigical or mechanical treatment had been 
sufficient it was practically immatei lal what form of antiseptic was employed, 
or whether the wound was dressed with a solution of soap or simple sterile 
gauze” 19 As gi eater impiovement in the pnmary treatment of wounds was 
achieved, the pioceduie of secondaiy suture became more common and “the 
results given show a 1 ecord of complete success m from 75 to 90 per cent of the 
cases” 19 Even Can el’s bactenal count which was regarded as “the most 
impoitant single element in furthenng the pi ogress of secondaiy suture” was 
“at a later penod discounted and moie or less discarded” for “the discovery 
was made that secondary union could be attained when the wound still con- 
tained numerous bacilli 19 Howevei , opinion on this point had apparently not 
yet fully crystallized for it is stated that “m spite of the assertion by many 
surgeons that a clinical inspection was sufficient to determine the suitability of 
a wound for secondaiy closure provided constitutional symptoms were absent, 
it remained a fact that the employment of the bacterial standard insured the 
largest proportion of successful secondary closures ” 19 

CHEMOTHERAPY AND WOUND INFECTION 
The glowing reports which were based upon and immediately followed the 
Pearl Harbor experience gave great impetus to the use of sulfonamide therapy 
as a means of controlling infection m war wounds 23 ’ 29, 31 As a result of this 
and other overenthusiastic reports, which were further heightened by the 
dramatic and publicity-wise efforts of the press and radio to single out sen- 
sational achievements, the impression became widespread, both in professional 
and lay mmds that at last an effective antibacterial agent was found and that 
the great scourge of war wounds, wound infection, could now be adequatel) 
combated by merely dusting the wound with sulfonamide and having the sol- 
dier swallow a few tablets of the miracle drug Subsequent developments, and 
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time, have demonstrated that these early reports were based more upon hope 
and enthusiastic impressions than upon facts and sober evaluation In many 
lespects this was unfortunate, for it led to a shift of emphasis, especially m 
the minds of surgeons inexperienced in traumatic surgery, from the applica- 
tion of well-established surgical principles to the utilization of a simpler and 
easier substitute This occurred despite the fact that the early reports vdnch 
proclaimed the value of the sulfonamides included the need for applying good 
surgical principles 23, 29, 31 

Although the exact status of chemotherapy as regards w-ound infection has 
not been completely established, sufficient experience has now accumulated to 
permit certain observations There is no good evidence to show that sulfona- 
mides used locally, systemically, or combined can appreciably reduce the 
incidence or gravity of local wound infection or delay its development In fact, 
the best controlled studies of this nature, while not applied to w r ar w'ounds but 
to w'ounds fai more favoiable foi demonstrating the possible beneficial action 
of sulfonamides, have led to the disappointing conclusion that they exert no 
important influence m combating local w T ound infection 21 > 30 Comparable 
studies on a large scale under a military environment have not been reported, 
although similar well-controlled observations on war wounds incurred in 
airmen have been made and the results of these observations show' no sig- 
nificant differences between the sulfonamide-treated cases and those in which it 
was not employed Summarizing the experience m the North African Theater 
of Operation, Colonel Churchill 0 stated that “there has been no conclusive 
evidence presented that the significance of the time-lag (between wounding and 
surgical treatment) has been altered by the prophylactic administration of 
sulfonamides in the field, although this program has now r been followed with 
reasonable precision for a full year ” Well-controlled studies have been made 
on the use of chemotherapy, including penicillin, in the secondary closure of 
soft-part w'ounds in which the initial operation has been properly performed 
and it has been conclusively shown that they contribute nothing to the success 
of this procedure Although complete evidence is not available, there is some 
reason to believe that the systemic use of sulfonamides has been of value in 
controlling invasive infection and preventing death from sepsis 

Penicillin was introduced on the surgical stage at a time when experience 
was beginning to fade the spotlight on the sulfonamides and direct it again on 
good surgical principles This, together with other reasons, permitted its more 
cautious and rational application in wound surgery and a more sober and 
intelligent evaluation of its efficacy than w'as the case with the sulfonamides 
Although its precise value m wound management is yet to be completely 
established, all the evidence points to the fact that as an adjunct its qualities 
are far superior to those of the sulfonamides It would seem to be especially 
useful in the more complicated wounds in which the danger of infection is 
greater, such as those with bone or joint involvement and those with pene- 
tration of the viscera At present in these cases penicillin therapy is continued 
after the initial operation and maintained through the period following subse- 
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quent surgery until the danger of infection is passed Based upon his extensive 
investigations on chemothei apy in battle injuries in the Mediterranean Thea- 
ter, which have contributed immeasurably to the development of this more 
rational concept of wound management, Major Champ Lyons states “Local 
penicillin theiapy is used only as a supplement to systemic therapy m the 
treatment of injuries or infections involving the joints, serous cavities or sub- 
arachnoid space No local therapy has been used in other wounds, reliance being 
placed on systemic penicillin to check 01 abolish invasive infection Anaerobic 
wound infection is conti oiled by the excision of dead cellular piotem and the 
avoidance of primary wound closure Aerobic wound infection is controlled by 
preventing wound exudation through the use of splints, pressure diessmgs 
and the secondaiy closure of clean wounds Contamination of wounds with 
air-borne wound pathogens is decreased by the abandonment of needless 
changes of diessmg Repeated local applications of antibacterial agents are 
incompatible with the efforts to pi event wound exudation and the accumulation 
of dead plasma protein m the wound ” Thus, the use of penicillin as provided 
by this concept of wound management has made possible the earlier and safe 
application of the extensive corrective surgery that many of these patients 
require The experience so fai obtained in the use of penicillin in the surgical 
management of wounds and wound infection has emphasized both its role as a 
valuable adjunct to surgery and the impoitance of fundamental surgical pim- 
ciples It is believed that in this way penicillin has broadened the horizon 
of surgery 

Perhaps the most serious infection in war wounds is gas gangrene, the 
occurrence and management of which may be regarded as one index of sur- 
gical accomplishment and of the success of other measures m the care of the 
wounded In the last war the incidence among our troops was i 7 per cent 
Unfortunately, no precise pictuie of World War II incidence can be drawn 
at this time However, the fragmentary incidence points to the likelihood that 
the current experience is only slightly moie favorable than that of World 
War I Until quite recently, and except m selected gioups of cases, there has 
been no evidence of any considerable reduction 111 the mortality or morbidity 
attending the infection, the reported experience suggesting a fatality of about 
45 per cent m comparison with 47 per cent in World War II 10 The British 
experience has been little different, and was aptly expressed by MacLennan 
who found, on the basis of his observations m the Middle East among British 
troops, that “neither 111 prevention nor tieatment has much advance been 
made m the last 25 years” despite the fact that m this period “the potency of 
antiseia has at least been doubled and the whole group of sulfonamide drugs 
introduced ” 

Properly executed, prompt initial surgery is still by all odds the most 
effective prophylactic measure and this factor has always loomed prominent 
wherever there is recorded an appreciable reduction m incidence, morbidity or 
mortality Delay 111 evacuation and m the institution of surgery or the per- 
formance of inadequate surgery has been observed to foster the development 
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of the infection in wounds received in this war, as in the last war Although 
effoits have been made to produce an agent capable of immunizing against the 
infection, this development has not yet leached the final stage of practical 
application Sulfonamides have not pioved effective m either the prevention 
or the treatment of the condition and there is no evidence to show that anti- 
toxin is especially valuable Penicillin, which offered real promise experi- 
mentally, is yet to be thoioughly evaluated Tentatively, it may be stated 
that there is little likelihood that it would be effective prophylactically since 
the infection has occuired in patients who were receiving adequate pro- 
phylactic theiapy This has theoretical approval since the drug cannot 
i each devitalized tissue On a similar basis, its therapeutic role should 
he m limiting the extension of the infection, a belief which gains suppoit 
fiom available clinical expenence 

Thus, it may be observed that in the management of wounds and 
w ound infections emphasis has again shifted back to the importance of funda- 
mental suigical principles and the role of chemotherapy remains a supple- 
mental one Heie, too, we find a striking parallel with the experience of 
the last war, duiing which “eaily effoits to control the infection of wounds 
idled mainly on the use of chemical antiseptic application” — and the num- 
beis tiled weie legion Only toward the end of that wai was it fully appie- 
ciated that “the mechanical ablation of the contaminated or infected tissue 
was the single effective factor ” Following a consideration of chemical media 
employed in wounds at that time it was concluded that the “supporters of 
antiseptics gained the initial success, but it was by the odd paradox that the 
success of the antiseptics depended upon the skill with which the surgical 
means forming a part of the system was perfected and carried out Even 
enthusiastic suppoiters of the antiseptic system discovered that in a wound 
tieated by exposuie to the sun, the same mathematical estimate of the 
length of time necessary for its closure could be made as with the Carrel- 
Dakin system, and that the penod necessary was practically the same in 
both cases ” 19 The almost inherent uige to place some agent, with hopeful 
healing and anti-infective pioperties, in a wound seems to lie deep-seated 
m the human breast and is as difficult to control as the better recognized 
human impulses Time and expenence have repeatedly demonstrated the 
inefficacy of such agents Perhaps some day such an agent will be found 
but the seaich seems futile when it is realized that the key to wound infection 
in tiaumatic wounds is dead tissue, a fact which Botallo recognized almost 
four centuries ago, and which Listei fully appreciated 

MAXILLOFACIAL SURGERY 

The following statement which was made in the Medical Department, 
U S Army, Histoiy of the World Wai, applies equally well to maxillo- 
facial sui gei y in the current war “V ei y few new principles as regards maxillo- 
facial suigery weie developed during the war but the large number of wounds 
of this charactei encountered as compared to their frequency m civil life 

556 



Volume 121 
Number 5 


CONSIDERATIONS OF WAR SURGERY 


affoided unprecedented opportunity for demonstrating the advantages and 
faults of the various opeiative procedures which had been devised ” 20 
In fact, as one reads fuither of the management of maxillofacial wounds in 
World Wai I, one is struck with the fact that nearly all the presently recog- 
nized fundamental principles were advocated at that tune These are, in 
brief, the conseivation of all viable tissue, the early reduction and fixation 
of skeletal injuries and the suture of soft-tissue where this is possible without 
undue tension, the establishment of provisions for adequate drainage and 
the maintenance of moist pressure dressing, and provision foi adequate 
lespiratory airway (by means of tracheotomy if this seems necessary) As 
experience in this war has accumulated, the importance of these principles 
has been further emphasized 


NEUROSURGERY 

The technic ot the management of cranial wounds, as developed by 
Harvey Cushing in World Wai I, remains today as the one of choice 
However, m the subsequent repair of skull defects which are an inevitable 
consequence of many of these injuries, a distinct advance has been made in 
this war with the use of tantalum plate 

With the widespread emphasis placed upon prompt secondary closure oi 
wounds, an earlier opportunity is being afforded foi the suture of wounds oi 
major nerves than ever before In the first months of the war, all cases 
with nerve injuries weie returned to this country for suture, wheieas now 
in many instances nerve suture is being performed m general hospitals 
abroad with a consequent saving of vitally impoitant recoveiy time Ex- 
perience has proven the value of a sling suture of fine wne between the 
nerve ends m cases w'heie, dui mg the initial wound revision, it was impossible 
to accomplish end-to-end suture This prevents retraction of the cut ends 
of the nerve and, likewise, permits their easy identification at subsequent 
operation 

The most approved method of suturing nerves at present is with fine 
tantalum wire on atraumatic needles followed by wrapping the line of anasto- 
mosis with tantalum foil The latter prevents the nerve from being engulfed 
m scar tissue and serves as a guide for the down-growing axis cylinders 
Until more time has elapsed, a piopei evaluation of the results being obtained 
in nerve suture in this war cannot be made In an effort to follow 7 these cases 
for a sufficient penod of time to determine the end-iesult, the Army has 
issued directives that such cases must report for periodic examinations ever ) 7 
three months until the maximum hospital benefit has been accomplished, 
and has established a Neive Registry m the Office of The Surgeon-General 
for all these cases 

THORACIC SURGERY 

Owing to the oft-repeated dictum “Sucking w'ounds of the chest must 
be closed at once,” attempts were made in the early days of the war to 
suture such wounds hastily Avhen they w'ere first seen, and often under 
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conditions which were far from ideal As a result, many of these wounds 
broke down, resulting again in a sucking wound which could not be xe- 
sutured due to the sui rounding infection Experience has shown that until 
the casualty has reached a hospital wdieie adequate facilities exist for careful 
preoperative preparation and for painstaking surgery, sucking v'ounds 
should not be sutuied, but should be closed promptly by means of a pad 
of vaselmed gauze molded to fit the opening in the thorax over which a 
tight adhesive dressing is applied It is interesting to note that Yates 
advocated this same piocedure in the last w'ar for the same reasons Another 
reason for not performing immediate definitive surgery in the case of patients 
having serious thoracic wounds is that experience has shown they must be 
brought into a state of equilibrium before they can tolerate major operative 
proceduies This means that these patients need blood, warmth, rest, freedom 
from pain and time for readjustment to the changed physiology of respiration 
if they are to have the best chances of surviving operation 

As the w r ar has progiessed, there has been a decided shift to early aspira- 
tion of hemothorax in contrast to the feeling in the earlier phases of the 
war that aspiration should be delayed for seveial days The principle of 
delayed aspiration w'as based on civilian experience with stab w'ounds and 
bullet v'ounds of the thorax without much soft-tissue or lung damage, and 
on the theory that the blood in the thorax acted as a deterrent to further 
bleeding from the lung In the case of w'ar wounds, in which there w r as 
considerable damage to the thorax and in which foreign bodies such as bits 
of clothing and rib fragments weie complicating factors, infection has been 
found to be frequent Delayed aspnation, therefore, resulted in many 
cases of infected hemothoiax, in which the entire pleural cavity w r as involved 
It has been discovered that bleeding from the lung does not recur with early 
aspiration and that cthe presence of blood in the thorax does not prevent 
bleeding from the chest w r all The advantages of early aspiration are 
stated to be that 

1 It relieves high intrapleural pressure 

2 It removes an excellent culture medium for bacterial growth 

3 It aids in early expansion of the lung — a definite advantage in limiting 
the area of empyema if infection occurs 

4 It decreases the incidence of massive clotting 

5 It prevents the late fixation and contraction of the thorax 

The present procedure of choice is aspiration of all the blood from the 
thorax within the first 24 hours and daily repeated aspiration if necessary 
to keep the thorax free of blood The use of air replacement after aspiration 
of the thorax which was advocated in the earl}'- phases of the war has been 
abandoned for reasons previously presented 4 In the light of present ex- 
perience, the severe criticism of air replacement therapy by members of the 
American Medical Unit detailed to the study and treatment of thoracic injuries 
during World War I is of interest 34 

Probably the greatest advance in thoracic surgery m this w'ar has been 
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in the management of, cases of massive clotting of blood m the pleural cavity 
and of empyema Massive clotting of blood m the pleural cavity occurs in 
about four to six per cent of cases with hemothorax and should be suspected 
when clinical findings persist after only small amounts of blood can be 
withdrawn and serial roentgenograms show no improvement during the 
third to sixth weeks Using penicillin therapy as an adjunct early operation 
is done m these cases w ith removal of clots from the pleural cavity and the 
dense layer of fibrin from the underlying lung m order to permit rapid 
expansion of the lung and thus obliterate the cavity Similarly, m post- 
traumatic empyema if extensive collapse of the lung occurs early surgical 
decortication is performed The application of these surgical principles and 
this shift of emphasis from local treatment of secondary pleural complications 
to procurement of early and complete reexpansion of the lung has provided 
a significant advance in the management of these serious injuries 

PENETRATING WOUNDS OF THE ABDOMEN 

A striking reduction m mortality in cases of penetrating wounds of the 
abdomen has been accomplished m the present war In World War I, the 
mortality among such cases which reached the forward hospitals was 45 
per cent, whereas the most accurate figures that can be assembled to date m 
this war indicate a mortality of 15 to 20 per cent in similar groups of cases 
This lowering of mortality is apparently due to three mam causes 

(1) Use of ample amounts of whole blood both m the preparation of 
these cases for operation and during and after the operative procedure 

(2) The availability of larger numbers of well-trained surgeons far 
forward m the combat areas in installations in which careful surgery can be 
done and good postoperative care continued 

(3) The widespread use of exteriorization of wounds of the large 
bowel and of colostomy m the management of these wounds and those of 
the rectum 

Exteriorization of the damaged segment of bowel through a laterally placed 
muscle-splitting incision is at present the procedure of choice m the manage- 
ment of wounds of the colon When exteriorization is not possible, the per- 
forations must be repaired by sutures and a proximal colostomy established 
In cases of perforation of the rectum, colostomy is mandatory, and m 
addition, free posterior drainage of the wounded segment of rectum must 
be accomplished This is best established by incision of the fascia propria 
with exposure of the rectal, sacral, and lateral paramedian spaces 

Two types of colostomy may be performed at the initial operation 

A Loop Colostomy The bowel is so mobilized that the exteriorized 
segment will lie on the abdominal wall without tension No sutures or 
clamps should be used to fix the bowel m place This type of colostomy is 
especially indicated in perforations which do not involve more than one-half 
of the bow r el, and as a proximal sigmoid colostomy m cases of w ounds of the 
rectosigmoid or rectum 
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B Spur Colostomy In the foimation of a spur colostomy, the bowel 
must be mobilized so as to afford free ends at least six inches in length 
These are joined by two rows of catgut sutures, preferably placed along 
the longitudinal fascial bands This type of colostomy is indicated where 
perforations are larger than one-half the diameter of the bowel, m injuries 
which require resection of a portion of the bowel, and m complete transection 
of the gut 

Colostomy was employed in some of these wounds in World War I, 
but its use was not considered of the unusual value which is attributed to it 
today The following statements from the History of World War I are of 
interest m this connection “Colostomy is to be advised m large ragged 
openings, particularly those occurring in the cecum, descending colon, and 
sigmoid ” “The wounds that are sutured do better than those in which an 
artificial anus is employed, the latter group gives the high mortality rate of 
70 per cent ” 13 

The vertical paramedian incision has been found to be the one of choice 
and the least liable to complications Closure of celiotomy wounds with rows 
of buried sutuies has been abandoned by many military surgeons of wide 
experience since it has been considered to contribute to deep infection of 
the wound The most widely accepted method of closure consists of the 
use of a continuous absorbable suture for the pentoneum followed by inter- 
rupted stay-sutures of wire or heavy silk The skm and subcutaneous tissues 
are not closed, but are separated by a strip of vasehned gauze 

BONE AND JOINT SURGERY 

In general, it may be stated that among those suigeons who have had 
a wide experience with gunshot fractures of the long bones, the trend is 
distinctly away from “salting” these patients away in plaster encasements 
and leaving them there until the odor demands a change of the encasement 
Under this regimen, the wound will heal in due time, but at the costly price 
of muscle atrophy, joint fixation, and even skeletal deformity Efforts to 
obviate these disadvantages have led to the development of a more active 
program At present, the management of a case of gunshot wound of the 
thigh with fracture of the femur consists of adequate debridement in a forward 
hospital, secondary closure of the wound in 4 to 12 days in a base hospital, 
followed by the application of skeletal traction with restoration of length and 
alignment, maintenance of this traction until the fracture has partially con- 
solidated, application of a plaster encasement for evacuation to the United 
States, and removal of the encasement on arrival here, with application of 
suspension traction until firm union permits ambulation with crutches With 
this method of treatment, the soft-tissue wound is healed in two weeks, there 
is little atrophy of important muscles, the joints are kept mobile and union 
with good length and alignment is achieved This is in striking contrast with 
the patients who were received in the hospitals in this country in the earlier 
days of the war, and had been treated by the “salting down m an encasement 
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method” and whose wounds were still draining pus, whose bone position 
was fat fiorn ideal, whose joints were stiff, and whose muscles were 
atrophied 

It has been found advisable to opeiate upon cases with joint wounds 
piomptly, at which time the joint is opened widely and all loose cartilage, bone 
and foreign bodies removed The joint is filled with penicillin solution and 
the synovial membrane closed, leaving the skm open for subsequent secondaiy 
closuie Even if initial operation is delayed foi a day 01 so, this method of 
tieatment is advocated unless there is a fulminant infection piesent External 
skeletal fixation has not proven piacticable m combat areas, and its use 
has been restricted to hospitals m the rear and to those cases with loss of 
bone substance or with fiactures not leducible m the usual fashion 

BURNS 

At the beginning of the wai, the lack of uniformity of opinion concerning 
the proper local treatment of burns was evident from the vaned types of 
treatment which w f ere advocated at that time The most popular of these 
w r as the use of tannic acid, while others, such as triple dye films ot various 
materials and even paraffin had then stout supporters Largely due to the 
results obtained by its use in the Cocoanut Grove disaster, the pressuie 
dressing applied over fine-mesh vaselmed gauze emerged as the method to be 
adopted by the Army, and the use of tannic acid by Army surgeons in the 
treatment of burns was forbidden This pressure dressing method which had 
been so strongly advocated by Koch has proven eminently satisfactory in the 
Army This, together with the fact that the incidence of burns m modern 
warfare has been less than originally anticipated, has made the problem of 
burns less significant 

CONCLUSIONS 

Finally, it is evident from this brief consideration of approximately 
three years of combat experience that definite progress has been made m the 
surgical care of the w'ounded This is clearly reflected by the results that 
have been achieved, for thei e can be no question that the survival rate among 
our battle wounded is highei now and the morbidity rate low ? er than evei 
before m the history of warfare While there are undoubtedly many factors 
that have contributed to this gratifying achievement a critical review of the 
past three yeais of combat experience throw's into bold relief the one factor 
that has conti lbuted most — the high standard of surgery being done At 
the applied level of practice, this standard of surgery is highei now than ever 
before, primarily because of the gi eater availability of formally-trained and 
w r ell-qualified young suigeons and because of their placement by the organiza- 
tion and plan of medical service, where then skill and talent can be utilized 
most effectively m the early as w r ell as the subsequent care of the wounded 

It must be acknowledged, however, that while definite progress has been 
made, it has occurred at the expense of some retardation earlier m the 
war through repetition of some of the mistakes made and lessons learned in 
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the last war To some extent, this may have been due to the fact that the 
most significant surgical thoughts which emerged from the experience of 
the last war were just beginning to ciystalhze when the war ended, with 
the result that much of their lasting value was lost The fact, too, that the 
publication of the last war’s medical history was considerably delayed, and 
did not appear until after all interest in military surgery had waned to the 
point of cheerfully relegating these tomes to archival desuetude, may have 
been a contributing factor in this connection Thus, all the experience of 
the past three years in the management of war wounds has again affirmed 
the importance of the fundamental principles of good surgery, principles which 
became well recognized toward the close of the last war and which cntically- 
nnnded suigeons have long espoused At our disposal now are more 
effective measures of resuscitation and superior agents for the control of 
infection, but experience has also shown that they must be considered as 
adjuncts to, not substitutes for, good surgery They have not lessened the 
impoitance of fundamental surgical principles but rather have extended the 
scope of their application Combined intelligently, these therapeutic adjuncts 
and basic suigical principles have led to the development of a more rational 
and effective program of wound management that has already provided the 
most gratifying results yet achieved in military surgery and gives promise 
of far-reaching significance This development, which has been realized 
largely through the vision and efforts of our Suigical Consultant in the 
Mediterranean Theater of Operation and the sound investigations of his staff, 
constitutes the major advance in the surgery of this war and points the way 
to further progress 
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Headquarters Army Air Force OrncE or tiie Air Surgeon Washington D C 

Avia x ion Medicine is concerned with the medical problems arising 
from the use of aircraft in flight and, in time of war, those of a surgical nature 
are greatly inci eased in number and importance The character of these 
problems definitely varies with the hazards involved in the use of the aircraft 
That these hazards aie increased many fold during waitime flight operations is 
evident 1, 2 Because of the large number of injuiies in Air Force personnel 
engaged in training and conflict, special consideration is now being given 
to the etiology, tieatment and pievention of these casualties It has been 
learned that unusual and chaiactenstic wounds may be inflicted by accidents 
associated with flight This is not surprising when the extreme forces 
involved are consideied, forces that the human body, used to a diffeient 
pace and environment, is often stiuctuially unsuited to withstand 

For facility of discussion the casualties are grouped according to then 
causative factor These factors are aim aft accidents , enemy gnnfiie, para- 
chute mjt n tes and envn omncnt 

casualties due to aircr\ftaccidents 
Aircraft accidents, viewed casually, seemingly result m such severe 
trauma that what the ph)sician has to offei, either prophylactically or for 
cuiative purposes, appears totally inadequate A moie hopeful outlook is 
obtained when the situation is reviewed* in its separate aspects 

As the speed of flight and landing of an craft has increased, pilot loss 
from accidents has increased Tremendous force may be exeited momentarily 
while velocity changes are occumng The late and method of deceleration 
determine the distribution of this force in time and space When exerted 
on a human being the force may be kept below the minimum consistent with 
life by a small increase m time — space distribution 

As an example — a plane free-falling, without power, reaches a velocity 
of — 120 miles per hour If the plane stnkes the ground vertically so that it 
is stopped after going into the ground six inches, a pilot weighing 150 pounds 
will exert a force 484 times the force of gravity, 01 140,000 pounds, for the 
period of deceleration If the plane plows along the ground foi 20 feet before 
it is stopped, the 150-pound man exerts a force of only 24 tunes his weight, 
or 3,600 pounds during the interval This is compatible with life if distributed 
ovei a large body surface 

h Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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Anothei factoi m deteimmmg the outcome of an airplane clash is the 
direction of the applied force If m the vertical axis, from head to foot, 
the results may be very different fiom the deceleration force applied trans- 
\eisely to this axis 

DeHaven ^ 4 has presented factual data derived fiom peisons falling hom 
known heights and teimmating then falls by contact with known objects, 
which indicates that a human being can survive deceleration piessure foices 
up to 200 tunes that of giavit}, provided it is applied transversely to the long 
axis of the body and over a large body surface Much less force can be 
suivived when it is applied parallel to the long axis The skeletal structures 
haie only a limited space foi interna? deceleration unless fractured The 
internal oigans, howevei, continue m the path of flight aftei the skeletal 
stiuctures aie ariested They are eventually stopped by then vasculai and 
ligamentous attachments, but if the foice is too great these may be seveied, in 
which case only the confines of the somatic cavity retains them The path 
through which the internal organs may move undei these circumstances is 
longer m the longitudinal than m the tiansveise direction and the potentialities 
foi damage are much greater 

Hass 5 has accurately described the pathology encountered m pilots w r ho 
have died from forces exerted upon them during airplane accidents The 
difference m the late of deceleration of the skeleton and its contained viscera 
results in lesions that vary from minor laceiations of one coat of an oigan 
to complete tears of the entire structme No oigan escapes, but the more 
mobile and bulky are the fust to be damaged The heart, aorta and lungs 
mai be invoked with hemorrhage fiom tears in the auricles, pericardium, 
pleui opericai dial junction, aorta, and paienchyma of lungs Pulmonary 
emphysema is common Lesions below r the diaphragm result in wide, gaping 
lacerations of the liver and spleen, with the lattei partially to completely 
pulled from its pedicle The small intestine, especially the ileum, may be 
stripped from its mesenteiy or actually ruptuied 

Clinically, sublethal damage, unless anticipated and lecognized, may 
leadily pi ogress to a stage incompatible with life To be recognized aie 
hemopericai dium, caidiac tamponade pneumothorax, hemopneumothorax, 
mtrapulmonary hemorrhage, diaphiagmatic, liver, splenic and intestinal rup- 
ture, oi mesenteric evulsion of the small intestine , 6 and fractures of all types 
Knowledge that such lesions may exist and can be present without evidence 
of external body trauma will lead to a seal cb for them clinically 

Impact of portions of the bod} against protruding objects m the plane 
oi on the ground lesult m puncture wounds, evulsions of tissues, fractuies 
and maxillofacial injuries The treatment in no wise differs from the care 
of these conditions caused from any otnei means 

Hot motors and mcendiaiy missiles contacting spilled gasoline cause fre- 
quent fires m plane clashes These result m bums varying from the superficial 
flash type to complete incineration The flash burns are usually of the face 
and hands, as the remamdei of the bod) surface is covered by the aviator’s 
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clothing The intense fire from gasoline will quickly consume an unconscious 
pilot, and in such instances only a charred torso may remain 

CASUALTIES DUE TO ENEMY GUNFIRE 

The missiles from enemy gunfire causing casualties in the Army Air Force 
combat crews are 20-Mm cannon shell, machine gun bullets, both 7- and 
13-Mm , anti-aircraft cannon shell, rockets and secondary missiles from the 
plane structures 

The characteristics of these wounds depend upon the conditions under 
which they are produced The wall of the airplane must be traversed by the 
missile before the flyer is struck in the majority of instances Thus, a bullet 
which ordinarily would be going forward, end-on, may be caused to tumble 
in its flight There is a gieat diffeience in the physical aspects of the 
two wounds 

The “end-on” bullet, traversing soft tissue, produces a clean wound, with 
a small entrance and exit and a small channel through the tissues Tumbling 
(yaw) produces enormous, destructive wounds The entrance wound is 
only moderately enlarged but the exit wound is “explosive,” and is many times 
larger than the hole of entrance The channel is funnel-shaped, with the 
large opening toward the point of egress of the bullet The size and 
character of a wound are dependent upon the amount of energy that the 
missile producing it expends on the tissues in passing through Therefore, 
the increased resistance that is offered to the passage of a bullet turned 
partially sidewise accounts for the production of the larger wound If bone 
is struck by either type of bullet, its shattered fiagments will, by the momentum 
imparted to them, produce secondary damage to the soft tissue 

A shrapnel wound is similar to that produced by a tumbled bullet Not 
infrequently, because of its lesser velocity or greater presenting surface, it 
may not possess enough energy to force it all the way through the tissues In 
that case the wound of entiance would be the large end of the cone 

A 20-Mm cannon generally produces wounds similar to anti-aircraft 
cannon (shrapnel) but smaller in size, provided the shell has been exploded 
by contact with the plane structures or body armour If it is exploded by 
direct contact with the body, the resulting w'ound may be enormouslv 
destructive 

In general, it may be said that the size and character of a wound imparted 
by missiles from gunfire depend upon the velocity, mass and presenting surface 
area of the fragment, and the resistance offered to its passage by the tissues 
involved 


CASUALTIES DUE TO PARACHUTE INJURIES 

Injuries associated with parachute escapes from combat planes are very 
frequent in contrast to those associated with the parachute jumps of the 
paratroopers * Approximately 37 per cent of all who are forced to take such 
a means of emergency exit from an aircraft suffer death or some disability 
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A special study by the Medical Safety Division, Office of Flying Safety of 
the A A F , revealed that four emergency parachute jumps were made 
daily by some Air Force member in the continental USA and of these, 
one was injured each day and one killed every other day 0 

At the present time, one out of every eight emergency parachute jumps 
ends fatally Of the escapes which end m fatalities, 48 per cent jumped from 



Chart i — Diagram showing speeds of free fall and open parachute descents from 40,000 feet of 1 
200 pound man 

Note The force exerted on a free falling parachutist when his parachute is opened, vanes 
according to the altitude This force is shown in “G's " which are multiples of the pull of gravity, 
one “G ” being the normal weight of the individual , 

too low an altitude, 20 per cent hit the airciaft on bailing out, 10 per cent had 
their chutes fouled on the aircraft, and 22 pei cent were killed from mis- 
cellaneous causes 

One out of eveiy foui peisons who uses a parachute for escape purposes 
is nonfatally injured Ninety pei cent of the injuries are incurred on landing 

There is a wide variation in the amount of force exerted upon an 
individual when a parachute is opened during a free-fall at different speeds 
and altitudes (Chart 1) The variation is also noted between individuals 
checked by parachutes at the same height due to differences m position, 
surface exposed, streamlining and weight of the falling mass Examples 
will be given to illustrate, using aveiage figures At 7,000 ft altitude the 
force exerted in retarding the fall of a 200-pound man on opening his 

567 


CLARK, Jr , ^ND SHANDS, Jr 


\nnals of burger) 
May 10 4 5 


“chute” is equivalent to 8 5 times the force of gravity (8 5G *) This rapidly 
increases with the lnghei altitudes, and at 40,000 ft the force necessary to do 
the same woxk is 33 G Expiessed in practical terms, the chute at the moment 
it is opened must be able to suppoit an applied weight of 33 times 200 pounds, 
01 6,600 pounds A body falling fiee through the atmospheric pressure 
encountered at this altitude will travel at approximately 210 miles per hour 
If the plane is going 400 miles per hour, the necessity for allowing a definite 
time-lapse to occui between bailing out and the opening of the chute becomes 
appaient This will peimit deceleration to the free-falling speed Of course, 
the lowei the altitude the greater will be the difteience in rate between 
the top speed of a plane and the teimmal velocity of a free-falling body 

If the chute is opened befoie the body of the jumpei has lost the speed 
of the plane, the chute may be torn fiom the shroud lines, at the same 
time inflicting seveie damage on its occupant One such injury has been 
known to sevei the legs from the flyer’s torso Others of less severity have 
lesulted in fractuies of the vertebra, luptuie of the diaphragm and rupture 
of the jejunum 6 


CASUALTIES DUE TO ENVIRONMENT 

Fi ostbitc — The environment of high altitude flights exposes the aviator to 
exti ernes of low atmospheric pressure, low tempeiatures and low oxygen con- 
centration The two latter conditions, with the added factor of exposure, result 
in the clinical manifestations of so-called “high altitude frostbite ” 

The lowered temperatuies, often — 50° C at an altitude of 35,000 ft, 
result m rapid seveie freezing v r hen a pait of the body is inadvertently 
exposed, even foi a brief period The anoxia that a flyer is prone to develop 
at high altitudes facilitates the fieezing In the eaily part of the v r ar a large 
pai t of all the AAF combat casualties in the European Theater v'ere due to this 
type of frostbite This numbei has been g 1 eatly decreased during the past year 
by studious ledesigning of planes, more appropriate clothing electric heating 
of gloves and flying suits and education of the flying personnel 

The clinical manifestations depend upon the severity of the freezing that 
has occui led Mild fiostbite may lesult m weeks 01 even months of hyper- 
sensitivity to tempeiatuie changes Severe fiostbite may lesult in permanent 
disability and occasionally loss of an extremity The toes, fingers, ears, 
nose, cheeks and foiehead aie most fiequently involved The relative 
susceptibility of these paits to fiostbite is variable 

Only ceitam featuies of the pathologic physiology aie definitely under- 
stood An atti active theoiy, elaborated by Loyal Davis, and his coworkers,- 10 
would indicate that an initial leflex vasospasm of peripheral artenoles, with 
lesultant ischemia, occui s in the exposed part Following this, the vasocon- 
striction at the teimmal end of the aitenole may peisist foi varying lengths 
of time, up to 24 hours, 01 longer Microscopic examination of the capillary 
bed of the finger tips at this time leveals that the peripheral ends of the 
i' “G” = the normal weight of the individual 
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arteuoles are well filled with blood, but that the terminal capillary loops are 
empt\ In instances wheie the exposure is less severe, the capillary circula- 
tion is 1 eestablished, with damage only to the endothelium In the pro- 
longed, oi extreme, instances of freezing, the artenocapillary junction becomes 
obstiucted by a thrombus or cellular agglutination, and destruction of the 
capillaiy results Clinically, we may usually diftei entiate these two degrees 
of extieme frostbite In the former, if the. vasoconsti iction of the arterioles 
is relieved befoie obstruction of the lumen takes place and the capillary circu- 
lation is i eestablished, extravasation of plasma or whole blood may occui 
thiough the damaged capillary wall into the tissues The fluid accumulates as 
vesicles 01 edema, and eventually sepaiates the epidermis and dermis at the 
germinal layer of cells, with desquamation If a complete mechanical occlusion 
has developed within the aiterioles at their junction with the capillaries before 
the vasospasm is relieved, no fluid is lost and the “diy type” of frostbite 
is obtained 

The same pathologic alteiations m physiology occur when the frostbite 
extends to the tissue below the fascia Capillary damage results in extra- 
vasation and hemorrhage into the muscle, while capillary obliteration by 
obstruction of the aiterioles lesults in dry gangrene It is evident that the 
“wet type” is less likely to result in gangrene and loss of the affected part 
Circulatory impaiiment may persist for months or be permanent, leaving a 
condition similai to endartentis obliterans, with hyperplasia of the intima of 
the arterioles 

Other Conditions — Other clinical conditions which are influenced in their 
pioduction by environmental factois are aero-otitis media and aerosinusitis 
The mechanism of production, clinical manifestations and various aspects of 
treatment aie problems of more immediate concern to the Otolaryngologist, 
and, although pertinent, will not be discussed in this communication 

Lightning is a factor which has caused casualties in landed planes im- 
properly grounded, but theie is no recorded instance of this occurring in 
flight 


AIR EVACUATION OF CASUALTIES 

The air evacuation of casualties has been one of the major developments 
in the transportation of the wounded during this War, accomplishing their 
swift and comfoi table delivery to a hospital equipped for definitive surgical 
care m the briefest possible time 

This subject, in all its ramifications, is one of great importance when we 
considei that approximately one-half million sick and wounded have been 
evacuated by air since Pearl Harbor From June to October, 1944, 55,000 
patients weie evacuated from France, with the loss of only foui -tenths of 
one per cent of this number after admission to Army General Hospitals m 
England \ s 

The advantage m logistics alone recommends this mode of evacuation 
For instance, fourteen C~54’s (large, four-motored cargo planes), each equipped 
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with 24 litters, can do the job of six 500-bed hospital ships in carrying patients 
from the Southwest Pacific Patient travel time is cut from 24 days to 39 
hours, the total crew and medical personnel requirements are reduced from 
2,136 for the ships to 336, a much smaller holding hospital is required over- 
seas, and the C-54’s can also carry military cargo on the outward trip n > 12 

TREATMENT 

The details of therapy for each condition of a surgical nature encountered 
in aviation medicine does not belong to the scope of this presentation Gen- 
eral methods, new advances and consideration of therapy peculiar to Air 
Corps injuries will only be discussed 

In administering first aid, particular care should be exercised if the 
tourniquet is used At high altitudes death of a part from circulatory im- 
pairment may be much more rapid than at sea level, due to the state of 
anoxia initially present The Gallagher 13 pressure dressing is now being 
used m many combat planes to supplant the tourniquet When this dressing 
proves adequate in controlling hemorrhage in a wound containing a severed 
vessel, there is definitely less likelihood of the loss of the extremity 

Shock is a factor in most tiaumatic wounds Extremes in oxygen depriva- 
tion and lowered temperatures as found at high altitudes augment the develop- 
ment and continuation of this shock If not destioyed m combat, mechanical 
means to overcome both of these have been provided m our bombers The 
B L B oxygen mask and the demand oxygen system can deliver 100 per 
cent oxygen An electric blanket for protection of wounded from the cold 
is now standard equipment for the high altitude bombing missions 

The primary closure of wounds has been looked upon with disfavor in 
this war This has proven sound policy in the care of injured ground troops 
when the clothes, missiles and body itself may be grossly contaminated by 
soil There are a number of factors that tend to reduce the hazard of 
infection in wounds produced in the an As enumerated by McFee, 7 they are 

1 Bomber crews are generally in good physical condition Fatigue and debility 
are usually at a minimum as the men have been well housed and well fed 

2 A minimum of contamination is present m wounds produced on a flight The 
men’s clothes and bodies are clean The missiles are not soiled and the wounds, are 
free of dirt and other material from the earth 

3 Treatment is generally speedily obtained First aid, including sulfamlamides and 
blood plasma are admimsteied in the plane Definitive surgical care during the “golden 
period” — four to eight hours after injury — is available on return to the air field This is 
compared to the treatment of ground troops who, in many instances may have to wait 
hours and even days for such care 

These factors give a marked advantage m the treatment of air crew 
injuries Because of these it should be possible to decrease the immediate 
morbidity and mortality, as well as the final disability, since factors that 
dictate against primary closure of wounds are frequently of less importance 
in these casualties Advantage should be taken of this when possible 
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It has been found useful to give prophylactic doses of penicillin in 
severely injured casualties, especially those that are so profoundly shocked 
that debridement and repair of wounds must be delayed As an example, a 
se\ erely shocked crash victim was given 100,000 units of penicillin intravenously 
along with 1500 cc of blood and plasma as an initial procedure m treatment 
The injured flier had crashed 111 a swamp and had been pinned under his 
plane by a tree foi about four hours The large avulsed wounds of his face 
and aims were filled with swamp water and tree bark The wounds were 
debuded and an additional 100,000 units of penicillin were instilled before 
the\ v ere closed Each 24 hours thereafter he was given an additional 200,000 
units for four days The wounds healed pe) prwmm , without evidence 
of infection 

Little new m the treatment of bums has been devised during the present 
w ar , how ever, progress has been made in the standardization and rationaliza- 
tion of such treatment based on oui pieviotis knowdedge Never before has 
there been as universal an acceptance of one method of therapy As with 
the majority of good procedures, the regimen accepted is simple, logical 
and physiologic Adequate amounts of plasma and whole blood are available 
for the primary treatment of the burned, shocked patient Eschar-forming 
drugs have been almost universally abandoned 7 In their place have been 
substituted careful, minimal debridement under aseptic precautions, a bland 
ointment or petrolatum gauze and a pressure dressing A method to hasten the 
separation of necrotic tissue has recently been announced 8 

There is much controversy about the proper method of treating acute 
frostbite In \anous countries diametrically opposed therapy is often 
used Regardless of the methods employed, there are certain principles 
that should be followed Every piecaution to prevent infection must be taken 
The vasoconstriction should be lelieved before the capillary is irreparably 
damaged if possible Some observers believe this may be accomplished by 
the immediate blocking of the sympathetic nerves with novocame At the 
same time it is desirable to control the edema and vesication of the affected 
part, as the circulation can be secondarily retarded by increased inter- 
stitial pressures An adequate means of decreasing the capillary permeability 
has not been evolved, but moderate pressure dressings, aseptic drainage 
of accumulated fluid and avoidance of excessive heat or cold aid materially 
to shorten the wet phase Oxygen therapy is a logical “must” m the acute 
stage 

Treatment during the chronic period of frostbite includes late amputation 
of useless parts, skm grafting physiotherapy similar to that employed in chronic 
vascular diseases, and temporary or permanent blocking of sympathetic nerves 
to the involved part 


CONCLUSION 

In the future, many lives will be saved by the development of means 
of preventing casualties from the forces encountered m flying These de- 
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velopments will include redesigned interiors of aircraft, improved protective 
clothing , better methods for overcoming the effects of the conditions imposed 
by envnonment, more effective means of controlling fires in aircraft, and 
strictei discipline, following careful instruction and study of the proper 
methods of conduct to prevent frostbite, injuries in crash landings, and 
parachute accidents 
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AN EMERGENCY SURGICAL PLAN IN AN 
ARMY AIR FORCE HOSPITAL* 

Lt Col II \rry J Warthen, Jr , M C , A U S 

AMARILLO ARMV AIR HELD 
\ MARIITO, Tf\AS 

All Arm-v Air Forci iiospii \ls have oigamzed, 01 aie in the piocess of 
oiganmng, ati emeigency sutgical plan b\ means of which catastrophes may 
he met and successfully dealt with 

The ad\antages of a plan of this tipe aie leadily appaient Plane clashes, 
though infiequent occm without warning and often involve a consideiable 
numbei of peisonnel These accidents occur frequently at night when many 
of the suigical staft mat be absent fiom the hospital The mjuues sustained 
In flicis aie usuallv multiple and often of such seventy that the lapidity 
with which medical aid is obtained detei mines the outcome to a greatei 
degiee than in the majont} of accidents oiiginatmg on the giound In 
addition to accidents associated with flying, Air Fields aie subject to the 
ha 7 aids inheient m all posts containing a laige numbei of solcheis and motoi- 
wed equipment Mihtan posts aie also usually located neai majoi railway 
and highway junctions and, thus are not mfi equently called upon to give 
emergency lieatment to civilians as well as soldieis mjuied m nearby 
transpoi tation accidents 

The plan adopted by one Aimy Air Foice hospital to meet suigical 
emergencies will be outlined While it is pnmanly designed to aid m 
ti eating mjuues ansmg in military peisonnel, it tvould lend itself equally 
well to the needs of a civilian hospital m the handling of accident cases 

At the beginning, the plan consisted of a notice posted on the Suigical 
Bulletin Board entitled “Catastiophe Assignments,” which leads as follows 

“Catastrophes, mvohing the lnjuiy of a number of persons, occui 
rarely Because of the m frequency of such emeigencies, considerable con- 
fusion may attend the handling of these conditions In an effort to pi event 
this, the following outline is piepaied 

1 If an emeigency of such pioportions arises dui mg aftei duty horns, 
the Surgical Officer of the Day will be lesponsible foi the notification of the 
Chief of Surgeiy, The Chief of Section 01 Sections involved, The Adminis- 
trative Officer of the Day, The Anesthetists, Surgical Nurses and Operating 
Room Coipsmen 

2 The Surgical Officer of the Day will be m chaige until the amval of 
the Post Surgeon, Chief of Surgery, or Chief of a Suigical Section 

3 The number of Medical Officers summoned will be determined by the 
Post Surgeon or the Chief of Surgery, or their representative 

4 The telephone numbei s of the membets of the Suigical Service 
may be obtained below 

5 The Admmistiative Officer of the Day and other members of the 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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Medical Administrative Corps designated by him will be responsible for 
maintaining order, checking clothing and valuables and safeguarding public 
property 

6 The Hospital and/or Post Chaplain must be notified immediately in 
any major accident or whenever a death may result 

7 In event the services of several Surgical teams are needed, the follow- 
ing tentative assignments are made 

Surgical Clime Room Burn and Shock Room Operating Room No 1 
(Ambulatory Cases) Chief of Gen Surg, (Major or minor Surgery) 

Ward Officers on Surg O D and G U and E E N T 

A-5 and A-9 Anesthetist Staff as needed 

Corresponding Ward 
Officers 


Opeiating Room No 2 
(Major Surgery) 

Chief of General Surgery 
Ward Officers on A-11 and A-15 


Opeiaimg Room No 3 
(Major Surgery) 
Chief of Orthopedics and 
Orthopedic Staff ” 


For the benefit of those who are not familiar with the term “Surgical 
Officer of the Day,” it should be said that he represents the surgical service 
during off duty hours when other members of tbe staff may be absent 
from the hospital He is responsible for the care of all surgical hospital 
patients as well as emergency treatment for those brought to the accident 
room This assignment rotates among members of the service and the 
officer on duty corresponds to a resident m a civilian hospital 

The directions contained in this outline are all simple and self-evident and 
should occur to the Officer of the Day even if he chanced to be the most junior 
man on the staff as we should assume he will be m setting up any system The 
difficulty lies in the fact that when confronted suddenly with a number of 
injured persons the surgeon is prone to go from one to another inspecting 
their wounds in an effort to decide which one needs his attention first and 
neglects to summon additional aid until valuable time has been lost If he 
stops to telephone other members of the staff, he may feel that he is 
neglecting critically injured persons On the other hand, if he delegates this 
notification to a nurse or corpsman, there is a strong possibility that someone 
will be omitted who should be called This is especially true of the adminis- 
trative Officer of the Day, who corresponds to the night superintendent 
of a civilian hospital and of the chaplain who should always be notifed 
m any major accident 

A check list of this type would remind the surgeon, or any one he might 
delegate to handle it, of all persons who should be called The operating 
room assignments would also serve as a tentative guide but could be altered 
readily depending upon circumstances 

After this plan had been m operation a short time the thought occurred 
that surgical catastrophes were not confined to mass injuries, but that a 
single emergency inadequately, or improperly treated, or a preventable death 
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occurring m the operating room, constituted a surgical catastrophe just as 
truly as a plane crash The difference is a quantitative, rather than a 
qualitative one In view of this, the plan was enlarged to include all of 
the more common emergency conditions that might anse on the wards, in 
the operating rooms, or on the post 

All equipment that might be needed in the treatment of emergencies 
was placed in one room m the surgical pavilion This room was chosen due 
to its proximity to the opetating rooms and the surgical wards Each 



Fig i — View of shock and emergency surgery room This room is situated close 
to the operating room, the surgical wards, and the emergency room for the treatment 
of out patients 


surgical specialty was requested to prepare packs permitting immediate 
treatment of emergency conditions arising in that specialty 

Three surgical carts were stocked with medications, sterile instruments 
and dressings One cart contained plasma, stenle water, vaselined gauze, 
machinist waste, sterile dressings, stockinette, wooden splints, mineral oil 
and other supplies needed m the treatment of burns A second cart contained 
sterile packs permitting immediate tracheotomy, thoracotomy, craniotomy, 
and repair of vascular and nerve injuries Intravenous and transfusion sets 
as well as sterile gowns, gloves and lmen were included in this set-up It 
was not anticipated that major procedures would be carried out in the 
emergency surgery room or by junior members of the staff, but it was felt 
desirable to have all equipment of this type in a central location familiar 
to every member of the surgical staff A third cart was stocked with dress- 
ings and instruments needed in the repair of the more common injuries 
involving the soft parts 
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Tic 2 — icw show ing one side of emergency room The dressing cart on the left contains 
equipment to be used for the treatment of burns The cart on the right contains sterile packs The 
contents of each is clcarh noted on outside labels These picks will permit tmergencj procedures to 
be carried out with a minimum of delaj Thoracotomy sets, tracheotom> sets, arterial suture mstru 
ments and \arious other sterile equipment arc included in container 
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Fig 3 — View showing Emergency Surgery Bulletin Board with outline of first aid treatment, 
tests recommended in certain conditions, and operative aids to guide surgeon in special procedures 
For example of conditions listed on first sheet of this outline, (see text ) 
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An impoitant featuie of these sets is the conspicuous labelling of all 
instruments and supplies contained in the packs This conserves both time 
and steuht) by pi eventing the opening and contaminating of packs containing 
unwanted material Additional equipment of an emeigency nature is con- 
tained m this room A lesuscitatoi and oxygen tanks are available in case 
of drowning or illuminating gas poisoning A drug box is at hand which 
contains all of the mote common emeigency medications Each ampoule 
is held in a designated space and when the box is opened the name, dose 
and indication foi use of the medication appeals on the under suiface of the 
lid immediately above the diug descnbed Alcohol sponges with steiile 
sjrmges and needles aie also contained in the diug box to prevent loss 
of time Every effoit has been made to leave as little to chance and 
memory as possible Frequent inspections aie made to insuie that supplies 
are replenished promptly after use 

Probably the most important feature of the emeigency 100m is a large 
bulletin boaid which contains in alphabetic order the lecommended treat- 
ment foi all anticipated surgical emergencies Some of the proceduies 
are not strictly emergency aids but rather reminders of tests which should 
be carried out before a patient is released, opeiated upon or admitted to 
the waid While this system is designed pnmarily foi the guidance of the 
younger men on the service it also contains data w T hich may not be readily 
lecalled by the older members of the staff when ui gently needed The 
antidotes foi various poisons are listed and the insect and snake bites for 
which theie are specific antivenoms are included 

This outline is not intended to encouiage lecent graduates to carry 
out piocedures with which they are not familiar but rathei to pi event 
them fiom overlooking commonplace measuies which might be forgotten 
in the haste of the moment Conspicuously displayed at the top of the 
bulletin board is a notice to the effect that the suigeon on call should be 
notified m all cases of seveie injury or when a major opeiative procedure 
may become necessary 

This guide also serves anothei purpose The technic of some of the 
more involved but infrequent suigical procedures are outlined, for example 
the method of handling cardiac tamponade by aspnation and the indications 
and operative approach for pericai diotomy The lecommended tieatment 
for wounds involving major vessels and nerves and safeguards in' han- 
dling inj uiies to the hand are included Should the occasion arise, this 
would enable the surgeon operating to dnect an assistant to leave the 
operating room, step acioss the hall and read in a moment the indications, 
technic and possible contraindications of a debatable procedure It might 
be added that this aid has not been necessary since the plan was adopted, 
but the best guarantee against such a need ansmg lies m having the 
data readily available The speaker can recall instances where he would 
have welcomed such a guide m handling unexpected surgical problems 
An example of the data contained on one sheet of this outline is as follows 
“ALCOHOLISM I. Symptomatic, draw blood for alcohol determination 
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Fig 4 — Drug and dressing cabinet showing the labelling of 
each item in order that these materials ma> be obtained without 
delay when needed Note the resuscitator and emergencj drug box 


ANAPHYLACTIC SHOCK i Piophylaxis — intradermal test always 
before injection of seiums (ATS and perfnngens) and desensitize when 
indicated 

2 Treatment — in addition to measuies listed in traumatic shock, (See 
, shock) give 

A Epinephrine — o 5 to i o cc of 1 1000 solution subcutaneously 01 
o 5 cc intravenously Repeat in few minutes if necessary 
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B Atropine — 0001 (% 0 gr ) subcutaneously has been recommended 
APPENDICITIS, ACUTE i History, physical, rectal examination, 
complete blood count, urinalysis with microscopic Call surgeon on call 
ASPHYXIA i Aitifkial lespnation, resuscitator, oxygen (See cardiac 
arrest) 

ASP I RATIOS OF PERICARDIUM i This should be done with a 17- 
or 18-gauge needle by costoxyphoid loute (See Cardiac Tamponade, treat- 
ment of) 



Fig 5 — Drug box containing emergency drugs, needles, and sponges The top of the 
box has the name, dose, and action of each drug, uhich is placed in an appropriate 
space beneath 


BERKOWS TABLE 1 (See Burns, general treatment of) 

BLOOD VESSELS 1 (See Wounds of) 

BITES 1 Black Widow spider Sedatives, calcium gluconate, normal 
saline I V , sodium pentothal I V if necessary 

2 Dog Identify and observe dog If simple bite, treat as laceration 
If large— debride , tetanus toxoid if indicated (See tetanus) 

3 Human. Debridement, sulfa generally, leave wound open 

4 Scorpion Treat symptomatically 

5 Snake Identify snake if possible Tourniquet, incise, suction, anti- 
venom for rattlesnake, moccasin and copperhead Treat symptomatically 

BLADDER 1. (See Wounds of) 
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BURNS i 65 per cent of all deaths in burns are due to shock — Avoid 
shock 

Local Treatment 

Place patient on sterile sheet Surgeon must wear cap, mask, sterile 
gown and sterile gloves Everyone in burn room must wear masks 

1 Debridement, consisting of opening large blisters and trimming 
loose skin 

2 Remove gross contamination by sterile water, white soap and cotton 
pledgets, use abundance of watei 

3 Remove grease with sterile mineral oil followed by soap and water 

Several sketches beneath the typewritten matter depict pressure points 
in the control of hemorrhage, the structures that pass through the wrist, 
the sensory nerve distribution to the hand , and a method of cardiac massage 
These drawings w r ere included because occasions have arisen when this 
data would have been of value 

In conclusion, it is desired that the following points be made clear 

1 No claim foi oiigmahty is made for the foregoing plan Many hos- 
pitals, no doubt, have devised various plans designed to meet surgical 
emergencies It is felt, however, that this system is a practical one and 
every effort has been made to make it as foolproof as possible 

2 Although this plan w'as designed to meet the needs of a military hospital, 
it should lend itself equally w r ell for use in civilian hospitals 

3 The objection may be raised that the time and trouble necessarj 
to organize and keep in readiness a plan of this type is not warranted by the 
occasional patient in which it might be of value This hardly is a valid criti- 
cism, for if such a system lesulted in the saving of one life over a period 
of many yeais, its adoption w'ould be justified 


Discussion — Dr Loval Davis, Chicago, 111 Theie are two comments I would 
like to make upon Col Shands’ very interesting paper One concerns high altitude frost- 
bite, and the other injuries received by airmen from Oerlikon shells In our studies of 
high altitude frostbite it was found that the majority of cases were waist gunners who 
were subjected to the direct blast of cold air in temperatures often as low as — 52 
degrees, without the protection of plexiglass which gunners in other positions were 
afforded It is my understanding that this has now been remedied, with a ■very definite 
decrease in the number of casualties 

Early in the history of the 8th Air Force in England, high altitude frostbite con- 
stituted one of the largest groups of casualties The oxygen bags became frozen because 
the masks were not of the demand type and because the tube leading into the bag was 
so small that saliva collected and froze This necessitated the removal of the mask 
and putting on the auxiliary mask Unfortunately, the method of fastening the mask 
onto the leather helmet consisted of fasteners Which could not be grasped when fljing 
gloves were w'orn, therefore, the airmen took off the glo\es to fasten the mask in place 
Since the electrically heated suits and gloves W’ere wired in series instead of parallel, 
the removal of even one glove threw the heat off for the entire suit At the altitude 
at which these men wmrked, it required onlv a few r seconds for the most serious case 
of frostbite to occur 

Attention was also called to many problems in the education of airmen, such as the 
fact that there is a relative anoxemia at an altitude of 10,000 feet, the proper care of 
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electrically heated clothing, wearing glo\es which did not fit piopcrly, and the 
tendenci to trade clothing All weie factois in producing the high casualty late foi 
this condition I am glad to learn, even though it was belated, and had not been antici- 
pated, that steps haec been taken to collect these technical and engineering difficulties 
High altitude fiostbitc can be preeented and it is extremely important to prevent it, 
because once the lesion has occuricd m se\ere foim, theie is eithei a loss of tissue or 
lmpairmant of function which is peimanent 

Many of the injuries fiom ftagmenting Oerhkon shells arc also preventable bj 
the use of properly constructed protective flying clothing A plastic helmet was 
proposed which would closely simulate the ordinary leather flying helmet and which 
would offer onc-thnd more protection per unit weight than i mg manganese steel, 
and had verj little weight Other advantages of such a plastic helmet were pointed 
out and it w'as suggested that sheaths of similai plastic material could be inserted 
into the flying suits and pro\ide piotcction for othei parts of the body which w>ould be 
adequate The important advantage w r as, of couise, that such protection did not weigh 
from 16 to 25 pounds, and would not constitute such a mental and physical handicap 
that the fljer would prefer not to wear the protection This was presented foi con- 
sideration to the Arm} Ait Corps and the Quartci master Corps, and it w r as also 
pointed out that it could be made applicable to the armored forces I am glad to learn 
that the United States Na\} and Marine Coips have adopted the principle of p’astic 
protectne clothing, and in field tests haie proved its practicability Perhaps, it still 
nia> not be too late to receive consideration for the use of aimy flyers and tank crews 
This announcement has just been made in the Burned New j s Letter of the United States 
Na\}, Noa ember 24, 1944 

Col F S Griuspir. (B M C), Carlisle Bariacks, Pa I am glad to have the 
opportunity of telling aou something of the work of your Medical Corps, which I w'as 
luck} enough to see 111 Normatid} in July I w’as greatly impressed by the speed of 
evacuation, and this w r as largely due to the efficiency of the fonvaid medical personnel, 
the litter bearers and the drivers of jeeps w'hich picked up their casualties right forward 
of Battalion Aid Posts Wounded men were frequently picked up within a few minutes 
of being wounded I do not think that nearly enough credit is given to these men for 
their gallant w'ork We are inclined to pat ourselves on the back for oui w'onderful 
hospitals, our wonderful suigery and our wonderful drugs, but none of these w'oukl 
have such good scope were it not foi the splendid w r oik of these corpsmen who get the 
patients rapidl} back to wdiere the other things are available 

Patients were speedily taken through the Battalion Aid Post, Collecting Company 
and Clearing Companies 111 the Dmsional Area, m many cases on jeeps with improvised 
racks for litters and a Red Cross flag, these vehicles w'orkmg in fonvaid areas w'ere 
respected by the Germans 

The most important life-saving surgery was being done by the platoons of Field 
Hospitals, working alongside Clearing Companies of the Divisional Medical Battalion, 
these units were reinforced by Surgical Teams and Shock Teams from the Auxiliar} 
Surgical Group — and the combination w'as a most successful one I saw some members 
of the same Auxiliary Surgical Group after the fighting in Noith Africa last year, 
and they were somewhat disgruntled because they felt they had not been given the 
opportunity of getting the forward surgery they had hoped for They were lather 
looked on as “blackleg labor” trying to pinch the wmrk from needy suigeons at 
Evacuation Hospitals and Cleaiing Companies They w'eie commanded by Colonel 
Blatt, and were affectionately (?) known as “Blatt’s Bastards” They mentioned their 
grievance to me in Tunis and I said to them “Wait a bit, when casualties start occuiring 
in large numbers they will be damned glad to get you” — and so it was 

Transfusion facilities with plasma w'ere available at Battalion Aid Posts and Col- 
lecting Companies, and transfusion with w'hole blood was available at the Field Hospital 
Platoons There, too, there had been a great improvement, m North Africa last year 
faith had chiefly been pinned to plasma but now there w^as a swing over to the use 
of whole blood, and surgeons were constantly demanding it for the severely wounded 
treated at Field Hospitals When it w r as m short supply, there was a brisk reverse 
“lease-lend” process going on, with blood from British transfusion units, in fact a great 
many American soldiers were much improved by having good British blood in their 
veins I know they received temporary benefit, let’s hope it will be permanent 
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The Surgical Teams were doing excellent work, and relays of them were working 
24 hours a day I do not think many lives were lost which could possibly have been 
saved The statistics of results obtained are little short of amazing, but in this con- 
nection I should like to warn you against the tendency to use statistics like a 
drunkard uses a lamp post — more for support than illumination I think you, over 
here, can rest assured that the rapid evacuation and early efficient surgical attention 
combined with adequate transfusion facilities with whole blood, now being made 
available from this country, are combining to give the wounded man a better chance 
of survival than has been possible previously 

Dr J E J King, New York, N Y I should like to ask Colonel DeBakey 
whether he has any definite information on the intrathecal use of penicillin or sulfan- 
ilamide in early cases of perforating lesions of the skull where the ventricle is involved, 
and a second question on the use of these drugs with late cases of infection of the brain 

Dr Frank K Boland, Atlanta, Ga As one of the facilities on the battle front 
which impressed him, Colonel Gillespie referred to transportation of the wounded to 
First Aid Stations and Evacuation Hospitals It does not seem out of order, m this 
connection, to give credit to the man and agency which first inaugurated organized, 
adequate transportation, which has been developed to such a high degree of efficiency 
in the present war, especially by the Medical Department of our own Army 

During one of the wars in Central Europe, in 1863, Henri Dunant, a Swiss gentleman 
of means, was horrified by the neglect of wounded soldiers which he witnessed while 
visiting an area where a battle had been fought recently Little attention seemed to be 
paid to the sufferers lying all around, and he called for volunteer stretcher bearers, 
and soon was carrying the wounded men to places where they could receive medical 
and surgical attention This is said to be the first time such a systematic project was 
carried out Thus, was born an organization destined to become the great Red 
Cross Society So, as we praise the Red Cross for its marvelous contributions to the 
care and comfort of our fighting forces, let’s not forget that it was this agency, through 
philanthropic Henri Dunant, that first taught armies modern transportation of the 
wounded, without which many triumphs of modern military surgery could not be 
utilized 

Dr I A Bigger, Richmond, Va I would like to stress one or two points m con- 
nection with Colonel Warthen’s paper It is evident that military surgeons have some- 
what belatedly recognized the importance of the early treatment of wounds by well- 
trained surgeons, but in some civilian hospitals the emergency care of patients who have 
been severely injured is still entrusted to relatively untrained members of the staff 
Some of the reasons for this are legitimate, but 1 would like to emphasize the importance 
of having the hospital staff so organized that when seriously injured persons are 
admitted, senior as well as junior members of the staff are promptly notified Colonel 
Warthen has described the manner in which this is accomplished in certain Air Force 
Hospitals A similar plan could be used to advantage in civilian hospitals 

Lt Col A R Shands, Jr , Washington, D C (closing) I want to thank Dr 
Loyal Davis for his remarks on high altitude frostbite, no one in this country has had 
more experience with this condition than he has had These injuries are preventable, 
as has been stated, and, certainly, the decrease in their incidence proves this point 
It is principally a question of having improved flying suits and better protective equip- 
ment Doctor Davis has asked about body and head armor, this ceitamly decreases 
the incidence of casualties The missiles of low velocity definitely inflict less serious 
wounds than those of high velocity 

In conclusion, a word should be said about air evacuation It is one of the great 
accomplishments in the transportation of the wounded in this war More than half 
a million patients have been evacuated by air since the beginning of the war, and 
55,000 from France alone since D-day 

Lt Col Michael E DeBakey, Washington, D C (closing) In reply to Doctor 
King’s question, penicillin has been used mtrathecally in the type of cases to which he 
referred, and the results are considered encouraging, although I am not in a position 
to give the actual figures 
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AN ANALYSIS OF THE RESULTS OF THE SURGICAL 
TREATMENT OF 260 CONSECUTIVE CASES 
OF CHRONIC PEPTIC ULCER OF THE DUODENUM* 

William Francis Rieniioff, Jr , M D 
Bah room. Mi) 

t*RO\t THE DEPVRTMENT OF SURGERY, JOHNS HOPKINS UNIVERSITY, BALTIMORE, MD 

In 1939 I made a lepoit upon the suigical tieatment of 82 consecutive 
cases of peptic ulcei of the duodenum m the Johns Hopkins Hospital befoie 
the meeting of the Amencan Suigical Association, at that time an operative 
technic was descnbed which was based on ceitam anatomic and physiologic 
consideiations that combined safety and efficacy, in a lughei degiee than the 
moie conseivative and also the moie ladical pioceduies This opeiative 
proceduie, how ever, like otheis earned out m the past, has limitations as a 
treatment foi peptic ulcei of the duodenum, the deteimmation of the type 
and extent of resection of the stomach and duodenum most acceptable fiom 
the standpoint of immediate and 1 emote lesults will be ascei tamed only by 
comparison of leports of senes of cases opeiated upon by diffeient methods 
The 260 patients heiem lepoited have been opeiated upon by the same 
technic with the exceptions noted in which further lesection became necessaiy 
because of postopeiative complications Thus the operative technic has been 
as nearly constant as possible 

Because of the fact that the senes is composed of pnvate patients, 
follow-up examinations could be carried out f 10111 time to time foi a penod 
of two to ten years by the physicians lefeinng the patients for surgical 
treatment Apparently a unique featuie of this study has been the frequency 
of direct or indirect contact with the patients as ivell as their physicians 
Every six months information has been obtained eithei peisonally or by 
letter from patients and often, as well, from their physicians Thus, there 
have been no long periods of time dui mg which a patient has been lost 
track of, noi a single instance in wdiich a patient has failed to report In 
this respect, postopeiative studies aie moie easily earned out on private 
patients than on patients on the public u ? ards Because of this continuing 
follow f -up, I came to know intimately a high percentage of the patients 
which enabled me to mterpiet more accurately the reports from both the 
patients and their examiners In each case theie had been commendable 
cooperation on the part of the patient in an attempt to obtain peimanent relief 
of symptoms by faithful adherence to a medical regimen foi periods ranging 
from 4 to 20 years previous to operation Patients who for various reasons 
had not been conscientious m this respect were not included in the series 
This senes might, therefore, be classified as a specially selected group of 
patients wdio were subjected to surgical treatment because the complications 
of chronic peptic ulcer of the duodenum were not amenable to medical therapy 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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The rationale of the operative technic was as follows (i) The most 
active poition of the stomach fiom the standpoint of contractility, namely, 
the pyloius, the pylonc antium and the fundus as far cephalward as the 
incisuia angularis have been lemoved By this procedure the acid-stimu- 
lating poition of the gastuc mucosa lining the pylonc antium was removed 
as well as one-tlnid to one-half of the acid-secietmg mucosa of the fundus 
The lemoval of the mucosa of the pylonc antium, theiefore, takes awaj 
the majoi factois in the stimulation of gastuc juice — acid and pepsin — 
by preventing the foimation of the gastric hoimone — gastrin (2) Re- 
establishment of the continuity of the gastro-intestinal tract has been 
accomplished by the use of an antecolic gastrojejunostomy The larger 
stoma cieated by this opeiative jnoceduie bungs about piompt emptying 
of the lemainmg pouch of stomach, thus, pi eventing the “pooling” of 
gastuc juice and the retention of food pioducts in the gastric pouch, which 
act as a constant source of stimulation foi the secretion of digestive 
juice (3) The Polya-type of anastomosis peimits free irngation of the 
lemainmg pouch of stomach with the alkaline duodenal secietions, bile, and 
panel eatic feiments, and, therefoie, pioduces a maximum degiee of neu- 
tralization of the gastuc contents In this type of anastomosis following 
lesection of the stomach, all of the duodenal contents must entei the portion 
of stomach lemainmg, which is not the case following othei types of operations 
such as the Finsterei, Hofmeister, 01 Billioth II (4) The flow of gastric 
contents is diveited fiom the ulcei-beanng poition of the duodenum 
into the jejunum (5) A conseivative lesection followed by an antecolic 
gastiojej unostomy has a lowei immediate moitality, and in the event of 
postopeiative complications necessitating a furthei suigical proceduie the 
technical difficulties of moie ladical lesection aie fai less than those 
expei lenced when a letiocohc type of anastomosis has been employed with 
a pnmaiy lesection ( three- fouiths to foui -fifths) of the stomach The 
necessity foi perfoiming ladical lesection loutinely for pejJtic ulcer of 
the duodenum is not appaient when all but a relatively small percentage of 
these cases are satisfactoi fly treated by conservative resections with a 
lower immediate moitality 

Cluneal Mateual — The numbei of patients foiming the basis of this 
report totals 260, of whom (Table I) S3 per cent were males and 17 per cent 
females, a ratio of approximately 8* to I The distubution of these patients 
as to age was intei estmg, leveahng the fact that 31 pei cent weie below 
and 69 pei cent above 40 yeais of age The majoi lty of cases occuned 
in the fouith decade Particularly in the male this period of life would 
probably lepiesent the decade of gieatest mental stress and stiain due to 
business or piofessional wornes 01 vocational hazaids 

Symptoms — Each of the 260 patients in this senes was refeired for 
surgical tieatment because of complications which developed as a lesult of 
the presence of a chiomc peptic ulcer of the duodenum Acute peiforating 
ulceiations aie not included 111 this report because it is felt that the surgical 
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pioblems presented by such cases differ from those of nonperforatmg duo- 
denal ulcers The complicating clinical features which weie responsible 
foi the discontinuance of medical tieatment and the shift to surgery v ei e 
mainly intractable pain, hemouhage, and vomiting In Table II an attempt 
has been made to gioup these patients accoidmg to the pi eponderance of the 

Table 1 

AGE AND SEX RATIO IN 260 CASES 

Sex Ratio 


Sex 

No of Cases 

Percentage 

Male 

216 

83% 

Female 

44 

17% 

Total 

260 

100% 


Age Group 


Age 

No of Cases 

Percentage 

Less than 20 

2 

1% 

20 to 30 

21 

8% 

30 to 40 

57 

22% 

40 to SO 

99 

38% 

50 to 60 

55 

21% 

60 to 70 

24 

9% 

Over 70 

2 

1% 

Total 

260 

100% 


different symptoms or signs It is to be emphasized that the clinical couise 
of a patient is often difficult to evaluate because not infrequently excruciating 
pam associated with penetrating ulcer of the anterior wall will so absorb 
the patient’s attention that considerable amounts of blood in the stool will 
be overlooked or will be noticed only by a membei of the family or the attend- 
ing physician Thus m Table II it is seen that 93 per cent of the patients 
had pain, but there was also bleeding and vomiting In only 2 per cent 
was there vomiting alone, but m 49 per cent vomiting was associated 


93%, or 242 cases 


42% or 109 cases 


49% or 127 cases 


T\ble II 
symptoms 

Pain 

Pam without bleeding 
Pain with bleeding (below) 
Hemorrhage 

Bleeding with pam 
Bleeding without pam 
Vomiting 

Vomiting alone 


56% of 260 or 146 cases 


♦ 

37% of 260, or 96 cases 
5% of 260 or 13 cases 

2% of 260, or 5 cases 

100% 260 


with pam and bleeding In only 5 per cent was bleeding piesent without 
a history of pam, and m each of these patients, the hemorrhages were very 
severe, yet 37 per cent of the 260, or 96 cases, not only suffered from 
bleeding but also had pain of a gi eater or lesser degree of seventy In the 
42 per cent m whom bleeding occurred there was found at opeiation an 
ulcer in the posterior medial wall of the duodenum which had penetrated 
into the head of the pancreas, in every instance there was an associated 
chronic pancreatitis The severity of the bleeding depended entirely on the 
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size of the pancreatic vessel which had been eroded — whether the pan- 
creaticoduodenal artery itself or one of its larger branches In every 
case in which one can obtain a history of bleeding the presence of a pene- 
trating ulcer of the posterior wall of the duodenum can be confidently 
predicted 

One of the most striking pathologic observations in this series was the 
high percentage, 75 per cent, of the instances of multiple ulcerations of the 
duodenum Scars of healed ulcers on the anterior and superior surfaces of 
the duodenum were often associated with ulcers of the posterior wall In 
many instances the duodenum was actually a ligneous tube When one 
considers the fact that the symptoms and signs of which these patients 
complained ovei a period of many years were constantly changing from 
season to season, from pain to bleeding to vomiting, it is not to be wondered 
that ulcerations would have occurred m different regions of the duodenum 
It appears conceivable that even though an ulcer of the anterior wall pro- 
ducing severe pain were to heal, the persisting disturbed physiologic mechan- 
isms of the stomach should at a later date produce an ulcer of the posterior 
wall that would cause bleeding The clinical history of the majority of the 
patients in this series suggests this sequence of events Pam in the back 
probably due to involvement of the head of the pancreas was frequently 
associated with ulcers of the posterior wall Specimens of the stomach in 
every instance showed infiltration of the submucosa with small lymphocytic 
cells, which has been interpreted as evidence of chronic gastritis In some 
instances anamnesis leported a simultaneous occurrence of these compli- 
cations, and again their appearance was sequential, so that division of these 
patients into definite groups under the heading of symptoms of pain or hem- 
orrhage or vomiting would, with minoi exceptions, be inaccurate and 
misleading Practically all of the patients at one time or another, or at the 
same time, suffered from all the complications 

The chronicity and the recurring nature of these complications, with 
the necessary living restrictions which they imposed, had much to do with 
the decision of these patients to switch from a faithfully observed but un- 
successful medical regimen to surgery Except m the few instances of 
exsanguinating hemorrhage, the inability to lead a normal life, due to con- 
stant pain, nausea, vomiting, indigestion, and the apprehension of repeated 
hemoirhages, rather than some catastrophic clinical incident such as per- 
foration, almost fatal hemorrhage, or complete obstruction of the pylorus 
led the patient to seek such relief from surgery In this respect private 
patients may well differ from those of the dispensary or the public ward 
The former, becoming intolerant of relative incapacitation at an earliei 
stage, and having a more intelligent attitude towards surgical procedures, 
would be inclined to seek such relief before complications had assumed 
ominous proportions Therefore, emergency operations for acute perforation 
or occasional massive hemorrhage should be considered separately from the 
elective surgery of the chronic duodenal 'ulcer Undoubtedly, the problems 
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of both medical and surgical therapy presented by patients of different 
economic status vaiy to a large extent 

Immediate Results — The immediate postoperative mortality m the 260 
cases was 2 per cent, or five deaths There have been no deaths m the last 
160 cases The cause of death of the five patients dying in the hospital 
was (1) shock following massive hemorrhage, which w r as observed too long 
before operation w 7 as performed, (2) sloughing of the duodenum, which had 
been mobilized too far dovm from the head of the pancreas for ulcer m 
the region of the ampulla of Vater, (3) transfusion reaction, (4) post- 
operatue hemoirhage five weeks after the patient had been transferred to 
the medical service The cause was unknown as autopsy w 7 as not performed 
Since theie was a loss of consciousness a cerebral hemorrhage may have 
ensued, and (5) bronchopneumonia In only one death could the surgical 
technic be held responsible and that w-as the case m which the duodenum 
was dissected too far dowm from the head of the pancreas This is the only 
instance 111 the entire series in w'hich the duodenum has leaked As a result 
of this expei lence, extensive mobilization of the duodenum has been abandoned, 
for tegardless of whether the ulcer is excised or not, the attendant isolation 
due to closure of the duodenal stump will result m its healing m situ In 
the exceptional case of massive hemorrhage with exsangumation, the duo- 
denum has merely to be opened and the ulcer transfixed with a sutuie The 
condition of the patient as a rule prohibits any more extensive surgical pro- 
cedure, such as resection, at that time 

It wmuld seem reasonable, therefore, to expect that in the future the 
immediate operative mortality m a similar group of patients might well be 
reduced even further Even now 7 , an operative mortality of 2 per cent 
provides a margin of safety as great as that of the most conservative operations 
for chronic peptic duodenal ulcer 

Remote Results — Until the cause of chionic peptic ulcei of the duo- 
denum is known the surgical treatment of its complications must remain 
empirical The primary objective of operative procedures in these cases 
is to protect the patient against complications such as hemorrhage, jejunal 
or marginal ulcer, pam and pyloric obstruction The secondaiy objective 
is to prevent a recurience of the same complications that followed the 
original duodenal ulcer Regardless of the type of operation performed 
or the operator, where jejunal and gastric mucosa are brought together m 
the presence of acid chyme a certain percentage of patients will suffer from 
postoperative complications similar m all respects to the original complications 
of the primary ulcer for w'hich operation was performed In this follow'-up 
study which has covered periods of 2 to 10 years m which either direct 
or indirect contact with the patient has been maintained every six months 
to a year, the classification of well, improved, and unimproved has been 
employed Most postoperative complications manifested themselves in the 
first two years, but even to the tenth year patients have had to be shifted from 
the well to the improved column due to a late return of symptoms 
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Table III piesents an outline of the results as accurately as could be 
determined It is to be noted that this study shows that of the 204 
patients, or 78 per cent now considered well, only 172, or 85 per cent, have 
so far had no complications since opeiation Thirty-two patients, or 15 
per cent of the 204 known to be well, have had postopei ative complications 
It was necessary to opeiate again upon 22 of these, but they are at present 
well and completely free of signs 01 symptoms of peptic ulcer 

Tabu- III 

RESULTS OV 260 STOMACH OPERATIONS 
Well 204 cases or 78% 

Without complications 
With complications 

Reoperatcd 68% (22 cases) of abo\e 32 
Complications 
Pam 

Hemorrhage 

Marginal or jejunal ulcer 
Abo\e with perforation 
Adhesions 

Average free acid (postoperatnelj) 13 

Improved 30 cases or 12% 

Reoperatcd 16% or 4 cases of abo\ e 30 
- Complications 

Pain 

Hemorrhage 

Marginal or jejunal ulcer 
Adhesions 

Recurrent duodenal ulcer 
Average free acid (postoperatnelj) 36 

Unimproved 21 cases or 8% 

Reoperatcd 15% or 3 cases of abo\e 21 
Complications 
Pam 

Hemorrhage 

Marginal or jejunal ulcer 
Recurrent duodenal ulcer 
Average free acid (postoperatn ely) 53 

Mortality 5 cases or 2% 

Total 260 cases 100% 

The average degiee of free acid in this well group was low as compared 
to the improved and unimpi oved groups Obtaining accurate figures for 
gastric analysis ofifeied a difficult pioblem because of the different technics 
employed foi obtaining this information Some physicians preferred to 
base then estimate on the acid determination in the fasting stomach, others 
on the Ewald test meal, and still others on the alcohol and histamine method 


172 cases 8 d% 
32 cases 15% 


12 cases 6% of 204 
12 cases 6% of 204 
12 cases 6% of 204 
4 cases 2% of 204 
4 cases 2% of 204 


22 cases 77% of 30 
5 cases 17% of 30 

1 case 3% of 30 

2 cases 6% of 30 
1 case 3% of 30 


8 cases 38% of 21 

9 cases 46% of 21 
10 cases 54% of 2 1 

1 case 7% of 21 


Table IV 

ANACIDITY 

40% (107 cases) of 260 had no free acid after operation 

8% (9 cases) of above 107 developed postoperative complications such as marginal ulcer or hemorrhage 
92% (98 cases) of above 107 remained well 

It appears that the two fiist methods give a better insight into the normal 
function of the postopei ative stomach than aitificial stimulation by histamine 
It is interesting to note that m 107 patients, or 41 per cent (Table IV), in 
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w hom an acidity was 1 epoi ted following operation, 9, or 8 per cent, had com- 
plications, but the gioup with the lowest aveiage acidity showed the highest 
peicentage of w ell patients In the gioup m which postoperative complica- 
tions developed, although these patients weie well and were so grouped, 10 
patients lecoveied on a medical legimen In 4 patients who had adhesions, 
obstiuction of the effeient loop developed and necessitated a celiotomy to 
fiee the obstiucted loop The signs and symptoms of the complications 
oveilap m the 32 cases (Table III) In only 2 instances was the ulcei 
actually a maigmal ulcei, 111 all other instances the ulcei s formed in the 
jejunum opposite the stoma 01 just distal to it in the effeient loop In those 
that peifoiated, the peifoiation was on the antenoi wall of the jejunum which 
had become adheient to the antenoi abdominal wall Penetrating jejunal 
ulcers that weie associated with seveie hemonhage had eroded into the 
mesenteiy of the jejunum In the case of patients listed as having jejunal 
ulcei s venfication was made at opeiation Those cases in which the patients 
did not undeigo a second opeiation w-ere simply classified under pam 
hemorrhage, or both 

Patients placed on the unpioved list langed from those having very njild 
symptoms to those having moie seveie ones The margin between well and 
improved w r as a nan ow one, because if the patients had any symptoms or signs 
whatsoever they weie not grouped noth the well but with the improved 
This gioup consists of 30 patients, or 12 pei cent In addition to the other 
data (Table III) it wall be noted that the average postoperative free acid 
w^as 36 degrees Also of intei est is the piesence of a recunent duodenal 
ulcer in one patient following a pievious pyloioplasty The ulcer occurred 
at the junction of the gastnc and duodenal mucosa anterioily In the 
improved group some wei e less improved than otheis and also demonstiated 
individual variation fiom time to time 

Under the classification of unimproved were placed the 21 patients, 
or 8 per cent, wdio have resisted completely both surgical and medical therapy 
Further resection 111 three instances m which a veiy radical operation was 
performed also failed to piotect the patients fiom a continuation of pam 
and hemorrhage It is of interest to note that all of the patients in this 
group w ? eie of a sensitive, high-stiung type m which there was a pronounced 
degree of psychobiologic lability The average free acidity m this group 
following their primary operation was 53 degiees, which was much highei 
than w'as noted in the well or unpioved groups In a consideration of the 
complications following conservative resection on the 260 patients of this 
series (Table V) it is noted that pam occuired in 42, or 16 per cent This 
pam was assumed to be fiom a jejunal ulcei and in all instances w^as referred 
to the left upper quadrant of the abdomen This was to be expected, for the 
pouch of the stomach remaining after resection is located m that region of 
the abdominal cavity when an antecolic gastrojejunostomy is employed 
Marginal or jejunal ulcer occuried m 23 cases, or 9 per cent In Table VI 
a summary of the data of this subject is given A matter of interest which 
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is not shown in Table VI is that one patient was operated upon five times, 
four times for postoperative jejunal ulcer This patient, a medical house 
officer, is now well after having practically all of his stomach removed Two 
patients had three additional operations, and three patients required two 
later resections, but are now well Table V also shows that the preoperajive 


Table V 


POSTOPERATIVE COMPLICATIONS OT 260 CASLS 


Complication No of Cases 

Pain 42 

Hemorrhage 26 

Marginal or jejunal ulcer 23 


COMPI ICATIONS IN RELATION TO PREOPERATIVr SYMPTOMS 


Percentage 

16% 

10 % 

9% 


Complications 


Symptoms 

» Pam 

Bleeding 

Ulcer 

Pain without bleeding 

9% (22 cases) 

3% ( 7 cases) 

4% (10 cases) 

Pain with bleeding and vomiting 

8% (20 cases) 

8% (19 cases) 

5% (13 cases) 

With complications 
Without complications 
Mortality 

RI SULTS ON 260 

* 

32% or 83 cases 
66% or 172 cases 
2% or 5 cases 

100% 260 cases 



signs and symptoms have very little relation to the probable postoperative 
complications Altogether taking into consideiation the entire senes, it 
is seen that in 83 patients, ot 32 per cent, complications developed whereas 
172, or 66 pei cent, remained well Five cases, 01 2 per cent, died following 
the operation The sources of bleeding determined were (a) from the mesen- 
teric vessels of the jejunum, often severe, and (b) from multiple erosions 

Table VI 
MARCINAL ULCrRS 

9% (23 cases) of 260 developed jejunal or marginal ulcers 

67% (15 cases) were reoperated out of above 23 cases 
Present results of 15 cases reoperated 
Well 80% (11 cases) 

Improved 20% (2 cases) 

Unimproved 20% (2 cases) 

33% (8 cases) of above 23 cases were not reoperated 
Present results all unimproved 

Gastric acidity Preoperative for marginal ulcer — Average G A 36 free acid 
Postoperative for marginal ulcer — Average G A 12 free acid 
Svmptoms of those with marginal ulcers 

33% ( 8 cases) had hemorrhage 
20% ( 5 cases) perforated 
37% (10 cases) had pain alone 


100% 23 cases — Total 

of the jejunum, more often not serious Table VII shows that 26, or 10 
per cent, of the 260 patients suffered from postoperative hemorrhage of 
varying degrees of severity Of these 38 per cent were again operated 
upon One of them, who died from hemorrhage following operation else- 
where, had been classified as unimproved Among those treated, surgically 
and classified as improved were the patients having only occasional slight 
bleeding following operation which was detected by examination of then 
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stools Sixteen patients, or 62 per cent, were treated medically with the 
greatei number falling in the improved and unimproved groups There were 
no fatalities among the 16 patients treated medically The source of bleeding 
m this gioup of patients, of course, was not determined, but none of these 
seemed to be more than temporarily incapacitated 

Table VII * 

HEMORRHAGE 

10% (26 cases) of 260 had postoperative hemorrhages 
38% (10 cases) of ibove 26 cases were reoperated Present results 
Well 50% (5 cases) 

Improved 24% (3 cases) 

Unimproved 16% (2 cases) 

62% (16 cases) of above 26 cases were not reoperated Present results 
Well j. 44% (7 cases) 

Improved 12% (2 cases) 

Unimproved 44% (7 cases) 

OPERATIVE TECHNIC 

A midline incision has been employed because exposure of the lesser 
curvatuie of the stomach, and, thus, the left gastric artery and coronary 
vein, is more easily accomplished with less vigorous retraction by this route 
than thiough a high right rectus incision The less the degree of retraction 
the bettei the relaxation of the abdominal wall In the upper abdomen the 
midlme incision traverses the linea alba u Inch is the most avascular portion 
of the abdominal vail Obviously, there is no mterfeience with the nerve 
* supply to the rectus muscle 01 further weakening of that structure from direct 
trauma m splitting its fibers The round, 01 falciform ligament of the 
liver lies immediately beneath the lmea alba, but under the right lip of the 
incision, the reflection of the peritoneum to cover the ligament may be 
incised and the entne body ic, ligament, fat and peritoneum, reflected 
laterally When the peritoneum is incised somewhat to the right of the 
reflection of the round ligament, it is not necessary to suture Jhe edges of 
the former when closure of the abdomen is made The round ligament falls 
into its normal position covering the posterior surface of the wound as a 
peritoneal flap, when the lmea alba and thus the abdominal wall is closed 
The location of the common duct and its point of disappearance behind 
the upper part of the second portion of the duodenum has been made a 
routine preliminary step m the operation The knowledge of the position 
of this duct affords not only more confidence but also more safety m a 
liberal mobilization of the second part of the duodenum for resection of 
ulcers m this region At the same time, such a free dissection enables the 
operator to effect a more secure closure of the duodenal stump The left 
gastric vessels and right vagus nerve are then divided and ligated with 
medium “c” silk Following this, vessels running in the gastrohepatic and 
gastrocolic as well as the duodenohepatic and duodenocolic ligaments are 
individually clamped and ligated with “c” silk Thus, the entire lower 
fifth or pyloric antrum of the stomach, together with the first and upper 
two-thirds of the second portion of the duodenum are thoroughly mobilized and 
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the latter freed from the head of the pancreas A medium-sized Payr crush- 
ing clamp is now placed across the body of the stomach at approximately 
the midportion of the stomach The stomach is divided and the posteromedial 
surface of the duodenum is freed from the head of the pancreas Due to 
the fact that the common duct lies between the head of the pancreas and 
the medial wall of the duodenum, a portion of the latter may be removed 



Tig i — Dotted line demonstrates portion of stomach remo\ed which includes first 
part of duodenum, pjlorus, pjloric antrum and fundus up to incisura angularis 


without dangei of injury to the foimer The duodenum, having been 
mobilized may be clamped acioss with a small Payr crushing clamp, or, 
and m some instances a method to be preferred is to open the duodenum and 
after inserting the fingei into the open end to dissect the ulcer on the fingei 
very much like the technic employed in mobilizing a hernial sac The pyloric 
antium, and pyloric sphincter, together with a portion of the fundus of the 
stomach are then removed (Fig i) The stump of the duodenum is closed 
with two layers of sutures (Fig 2) the first a continuous suture of “0” 
chromic catgut This is placed underneath the crushing clamp in such 
a manner that the crushed tissue beyond it can be cut off without dangei 
of cutting the suture line The advantage of removing this crushed tissue, 
which will become neciotic, is obvious With this type of suture only 
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viable tissue is turned in Interiupted Halsted sutures of fine “a” silk 
are then used to invert the fiist continuous sutuie line It is frequently a 
most gratifying suigicai procedure if one inverts the duodenum from the 
midline lateially instead of m the veitical plane (Fig 3) The reason for this 
is that less of the duodenum need be fieed from the head of the pancreas, which 
in some instances, because of penetiating postenoi wall ulcers, may be a 
foimidable undertaking and one fi aught with danger due to the difficulty 



Tig 2 — Method of closure of duodenal stump (a) Application of continuous mattress 
suture of O chromic catgut beneath crushing clamp, (b) trimming off crushing tissue distal 
to suture line, (c) Turning in duodenal stump with interrupted Halsted sutures of fine silk, 

(d) Turn in completed, showing cross section of inturned portion of duodenum 

of turning in the scarred base All bleeding points about the head of the 
pancreas are transfixed with fine silk Care is taken to insert a small part 
of the beginning or extreme light poition of the gastiocohc omentum between 
the raw surface of the head of the panci eas and the duodenum, m order to 
prevent any possibility of digestion or erosion of the stump of the latter 
Attention is then turned to the reestablishment of the continuity of the gastro- 
intestinal tract Due to the lelatively small segment of stomach removed, 
a short-looped antecohc gastiojej unostomy can be performed readily and 
without the necessity of an entero-enterostomy The colon and greater 
omentum are letuined to the peritoneal cavity by shunting them to the 
left of the pioximal loop of the jejunum When this latter portion of the 
intestine is sewn to the cut-end of the stomach, the distance between 
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Fig 3 Demonstiates the vertical and lateral closure of the duodenal stump 
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Tieitz’s ligament and the beginning of the gastrojejunal anastomosis at the 
lesser curvature of the stomach is only three fingers’ breadth A few centi- 
meteis pioximal to the Payi crushing clamp, a noncrushing clamp is placed 


Stomack 

r \ 

drawn . NVV 
upward '' 


2^ line o? posterior 
sutures completed 



Fig 4 — Method of reestablishment of continuity of gastro intestinal tract bj antecolic gnstrojejunos 
totny Crushed tissue is removed from the stump of the resected stomach 


upon the stomach and a sinulai one upon the jejunum Gauze webbmg is 
used to cover the blades of the noncrushing intestinal clamps m preference 
to rubber, the former having the advantage of being far less bulky and 
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affording much gi eater purchase, and, theiefore, capacity to hold with less 
pressure exerted on the tissue through the blades of the clamp The Payr 
crushing clamp is then removed and mucosa clips are placed upon the clit-end 
of the stomach embracing only the ciushed portion of the stomach wall, 
while the imprint of the Payi clamp is plainly visible (Fig 3) Halsted 
mteriupted fine silk sutuies aie then inseited about 05 centimeters apart 
as the posterior suture line The entne line is placed before any of the 
sutures are tied, thus, allowing moie 100m for inserting successive sutures 
accuiately than if they aie tied as placed The crushed portion of the 
stomach wall, which has been giasped by the mucosa clips, is then excised 
The posterior mteriupted suture line is much more easily and accurately 
placed if the mucosa clips are allowed to remain on through this step 
111 the operation This is due to the fact that the clips, lying in such a 
manner that their handles point to the left, cause the posterior wall of the 
stomach to be thrown antenorly and place it in a moie convenient position 
foi suturing The jejunum is then opened and a continuous suture of 
No 1 chiomic catgut is placed as an internal sutuie line in both the posterior 
and antenor lips of the mucosa These stitches are locked only at the ends, 
to prevent any chance of diminution of the stoma by constriction The 
final antenoi row of Halstead interrupted “a” silk sutures is placed in position 
before the noncrushing intestinal clamps are lemoved, but they are not tied 
This is accomplished after the stomach and intestine have been released from 
the noncrushing clamps In this mannei the sutures aie more accurately 
placed and then tied without exeitmg any tension on the wall of the visceia 
A couple of mtei rupted sutuies aie placed between the lateial wall ‘of the 
proximal loop of the jejunum and the transveise mesocolon to prevent a 
loop of jejunum lower down from slipping through this potential opening 
The anastomoses have so fai been made isopei istaltic with the proximal loop 
sewn to the lesser curvatuie (Fig 4) 

The abdomen is closed in the following manner The linea alba with 
mterruped double medium silk and the skin with mteriupted fine silk sutures 
Discussion — In what may be teimed a continuing study of 260 patients 
who were opeiated upon foi peptic ulcer of the duodenum of from 4 to 20 yeais’ 
duration, the lesults indicate that only 204 patients, or 78 per cent, should be 
regarded as well, 30 patients, 01 12 pei cent, as improved, and 21, or 8 
per cent, as unimproved The immediate mortality was 2 per cent, with 
no deaths occurring in the last 160 cases These patients were operated 
upon because of complications arising fiom a chiomc peptic duodenal ulcer 
that would not respond to medical tieatment The complications consisted 
of intractable pam, hemorrhage, and vomiting associated with pyloric obstruc- 
tion In other words, the duodenal ulcer, or ulceis, had continued to erode, 
eventually involving contiguous structures such as the panel eas, in spite 
of the fact that those patients had coopeiated to the fullest extent in following 
a stiict medical regimen Because these patients, generally speaking, had 
a more intelligent and better informed attitude than ward patients, they 
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had sought operation before their complications had so reduced their 
vitality as to make any operation precarious 

A conservative resection of the stomach and first portion of the duo- 
denum was performed because resection, while far from ideal, was thought 
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Fig s — T he anastomosis completed, antccohc gastrojejunostomj — Pol>a Balfour t>pe 


more efficacious than less radical proceduies such as gastro-enterostomy, 
The advantages in the type of operation employed will be discussed later 
In brief review, the surgical procedure has been (i) to remove the pylorus, 
pyloric antrum, and a portion of the acid -secreting mucosa of the fundus; 
(2) to shunt the flow of acid chyme and food away from the ulcer-bearing 
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area of the duodenum , and (3) to employ a type of anastomosis which insures 
the maximum lingation of the remaining pouch of stomach and at the same 
time prevents pooling of gastric juice and food due to delayed emptying The 
lationale of the opeiative procedure, an antecolic gastrojejunostomy, is 
based upon the following considerations (1) If the flow' of gastric contents 
can be diveited fiom the duodenum chiomc peptic ulceis of this structure 
will heal or will fail to lecui when excised In ovei 75 per cent of the 
patients in this senes the ulceis w'eie left m situ and appaiently healed 
(2) The opeiation must piotect the patient fiom the development of post- 
opeiative complications 111 the jejunum such as peptic jejunal ulcers 01 
hemoi rhagic jejunitis (3) The onginal operation must have been so per- 
foimed that m the event of jejunal complications secondary operations may 
be earned out with minimal technical difficult! and opeiative mortality 

All obseiveis appaiently agiee upon the fact that chronic ulcer of the 
duodenum, with veiy few' exceptions will heal if put to rest by diverting the 
flow' of gastnc contents aw'ay from the ulcei -bearing aiea of the duodenum 
Extensive and hazaidous dissections of ulceis located in the lower portion of 
the duodenum aie unnecessaiy If the ulcei is on the jiosterior wall and 
has produced massive hemoi lhage and the patient is m shock, the bettei 
proceduie is simple tiansfixion 01 cautei ization, 01 both, of the bleeding 
vessel m the base of the ulcei 

Theie seems to be a lack of unanimity of opinion, howevei, in regard 
to the extent of lesection and the type of opeiation to be employed Although 
it is difficult to estimate accuiately the amount of stomach removed at 
opeiation, one usually thinks moie of the oigan lias been resected than actually 
W'as lemoved because the size ot the stomach varies It is possible because 
of anatomic landmaiks to ainve at a certain degiee of uniioimity in opeiative 
pioceduie In this senes, division across the fundus of the stomach, w'as 
made at light angles to the cuivatuies, gieatei and lesser, at the level where 
the left gastnc vessels leave the lesser curvatuie and sjuead ovei the antenoi 
and posterior sui faces of the stomach This aiea conesponds anatonucall) 
with the mcisura angulans This piocedure insuies lemoval of roughly 50 
pei cent of the organ including the pylorus, the pylonc antrum, and about 
one-tlmd of the acid-secietmg area The lemoval of the antral mucosa is 
felt to be important because of the elimination of the hormone gastrin, the 
chemical stimulant foi the formation of gastnc juice Also removed is an 
indefinite amount of acid-secieting mucosa 

The results in this series seem to indicate that conseivative lesection 
ot the stomach may be earned out with an immediate mortality as low' as 
that following gasti o-entei ostomy Theiefore, this type of resection is to 
be preferied to gasti o-enterostomy in the kind of case under discussion The 
remote results also indicate that resection, regardless of the extent short of 
almost total gastrectomy, will not insure against the development of jejunal 
complications This w'as demonstrated in this series in a few' persons with 
pronounced ulcer diasthesis and others upon whom it w'as necessaiy td operate 
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two, thiee tom and even five times for recurring peptic jejunal ulcer One 
point seems certain howevei, and that is that the majority of patients who 
aie well are those with the lowest degree of fiee acid There are a few wdio, 
despite high postoperative fiee acid, are asymptomatic, hut they are exceptions 
to the geneial rule The patients m the improved and unimproved groups 
tend to support this obseivation Anothei well known and supporting fact 
is that peptic ulceiation of the jejunum does not occur following gastric 
lesection foi carcinoma of the stomach The success 01 failuie of a resection 
of the stomach for peptic ulceis of the duodenum depends, therefore, m the 
majority of patients, on permanent 1 eduction in gastuc acidity under the 
normal circumstances of the patient’s eveiyday life This reduction is 
accomplished in three w-a\ s ( i ) By removal of the acid-stimulating hormone 
gastrin, (2) by reduction of the acid-bearing aiea by partial removal, and 
(3) b) neutralization of the acid juice by a thorough mixing with the alkaline 
jejunal contents Individuals dififei m the secretion of acid-pepsin gastric 
juices as they do in eveiy othei function of the human body but these 
lesults suggest that, either by neutralization of the acid gastric juice or by 
partial excision of the acid-beanng mucosa, the majority of patients in this 
senes stiuck a favorable acid balance following this type of conservative 
lesection of the stomach Adequate mixing of gastuc and jejunal contents 
and prompt emptying time of the lemaimng gastuc pouch to prevent pooling 
ot food and gastric juices are considered to be of gieat importance The 
\ ery low immediate moitality late adds to the desu ability of conseivative 
lesection In the relatively small percentage of patients m wffiom evidence 
of persistence of high free acid is found togethei with either the signs or 
symptoms of jejunal erosion or ulcer, a further radical resection may be 
performed 


SUMMARY 

The fact that patients in whom chronic peptic ulcer develops have a 
psychobiologic lability above noimal is w r ell recognized The reason for 
the unstable clinical status observed m this postoperative study is, there- 
fore, not fai to seek Theie aie many shades and nuances between the well 
group and the improved group, and also among the individuals comprising 
these gioups Most of the postopei ative complications appeal to occur 
wnthm the first two yeais, but they may occur at any time later Gastric 
lesection is the best method available at piesent for the tieatment of the 
complications of chronic peptic ulcer of the duodenum but is not ideal m 
that it is only relatively bettei than less extensive surgical pioceduies This 
report is made 111 order to seive as a basis for future comparison and study, 
and it may be said to result from a search for a surgical procedure which 
combines m the highest degiee both safety and efficacy 
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TRANSTHORACIC GASTRECTOMY FOR UNUSUAL LESIONS 

OF THE STOMACH* 

Col R A Griswold, M C , A U S 

Louisville, Kr 

FROM THE SURGICAL SERVICE WALTER REED GFNERAL HOSPITAL ARMY MEDICAL CENTEP 

WASHINGTON 12 D C 

Malignant tumors of the proximal portion of the stomach are relatively 
silent unless they cause obstruction of the cardia Even after the symptoms 
of dyspepsia appeal, diagnosis may be delayed because of difficulty in 
visualizing early lesions of the fundus by barium study Extragastric extension 
into the liver, diaphragm, spleen or lesser peritoneal cavity, as well as the 
regional lymph nodes, is often present before the patient comes to surgery 
Tumors of the cardia may extend some distance up the esophagus and tumors 
of the lower esophagus may invade the proximal stomach Until recent 
years, these factors rendered most malignant tumors of the cardia and fundus 
inoperable Even since the development of transabdommal total gastrectomy 
with esophagojej unostomy, the technical difficulties of working up under 
the dome of the diaphragm are considerable when there is extragastric 
extension of the tumor, and involvement of the diaphragm or lower esophagus 
may make transabdommal resection impossible Within recent years, reports 
of transthoracic appioach to these tumors have been increasingly fre- 
quent b 2 > b 4 ’ 5 > 6 > 7 

The advantages of the transthoracic approach are ( i ) more direct accessi- 
bility and better exposure of the involved structures within the abdomen, 
and (2) the ability to deal with extensions of the tumor in the diaphragm 
and lower esophagus The disadvantages are (i) the possibility of infection 
in the mediastinum and pleura, and (2) somewhat longer operating time 
To this may be added the reluctance of many abdominal surgeons to invade 
the thorax Careful technic, avoidance of contamination, and meticulous 
attention to the details of anastomosis will minimize the danger of infection 
The use of fine interrupted sutures of nonabsorbable material throughout is 
of particular value Prophylactic use of the sulfonamides or penicillin may 
be of some importance 8 Gentleness, good hemostasis, and adequate replace- 
ment of blood loss, combined with expert anesthesia, make the operating 
time of little importance 

Pi eoperatme Pi epaiation — This need be no different than for any major 
gastric operation Defective dental hygiene should be corrected Hemo- 
globin, protein, and other chemical deficiencies should be restored to normal 
Since few of these patients have gastric stasis, gastric drainage or lavage is 
not so important as m lesions of the distal stomach, but lavage of the 
esophagus should be done if theie is obstruction at the cardia The 
administration of dilute hydrochloric acid is advisable if achlorhydria- is 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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present, in order to reduce the bacterial flora Establishment of an adequate 
blood level of sulfadiazine or the administration of penicillin in doses of 
15,000 units every three hours for 48 hours preoperatively, may decrease 
the danger of infection 

Anesthesia — The most important factor in anesthesia is the expert anes- 
thetist He must have a full undei standing of modern anesthesia and of 
respnatory physiology and must possess the ability to anticipate and prevent 
changes 111 the patient’s condition My preference has been for endotracheal 
ether-oxygen anesthesia, with thoiough aspiration of the pulmonary tree at 
the end of opeiation 

Opeiative Technic — The patient is supported on his light side so that a 
field from the midlme posteriorly to the midline anteriorly on the left side 
is available An incision is made over the 8th, 9th 01 10th rib according to 
the obliquity of the ribs, and the rib resected from the angle to the costal 
margin This position and incision allows extension across the costal margin 
and uppei left abdomen if this should be necessary The thorax is explored 
and mediastinal lymph nodes palpated for evidence of metastasis The lung is 
then packed away into the upper chest and the phrenic nerve crushed low at 
the side of the pericardium to immobilize the diaphragm and prevent tension 
on the suture lines postoperatively The mediastinal pleura over the esophagus 
is incised as far upward as may be necessary and the incision cai ried across the 
diaphragm from the esophageal hiatus to the costal maigin Bringing the 
antenor end of the diaphragmatic incision to the same point as the anterior 
end of the thoiacic incision allows the abdominal and thoracic cavities to 
be converted into one, if it is necessary to extend the incision onto the 
abdominal wall The abdomen is explored for metastases and the opei ability 
determined We have routinely removed the spleen in order to mciease 
> exposure and facilitate the rest of the procedure The lower esophagus is 
freed from the mediastinal structures and the vagus nerves divided above the 
diaphragm Section of these nerves considerably increases the mobility of 
the cardia The greater curvature of the stomach is freed and dissection carried 
behind the stomach to the gastric vessels which are ligated and divided close 
to the celiac axis This dissection is carried out retroperitoneally if there is 
involvement of the posterior wall of the stomach, removing the pos- 
terior peritoneum of the lesser sac down to the pancreas The lessei 
curvature is freed along with the entire gastrohepatic omentum and the 
lymph nodes of the lesser curvature The stomach and lower esophagus 
are now quite mobile and may be lifted almost to the surface of the thorax 
The stomach is divided between clamps with the cautery as low down as 
necessary to get well below the tumor It is possible with this exposure to 
perform a total gastrectomy, utilizing the jejunum for the subsequent 
anastomosis Usually, however, a considerable portion of stomach may be 
left Closure of the stomach is cai ried out with two layers of interrupted fine 
silk inverting sutures, and the tip of the greater curvature is sutured to the 
posterior thoracic wall to reduce tension on the subsequent suture line, as 
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advocated by Carter 1 The esophagus is divided between clamps and the 
specimen removed The proximal esophagus is emptied by aspiration through 
a tube which has been previously' inserted from above, and aspiration is 
continued throughout the remainder of the anastomosis The esophagus 
is sutured to the anterior surface of the stomach for a distance of an inch 
or more to minimize tension An opening is made in the anterior surface 
of the stomach equal in length to the diameter of the esophagus and an 



Fig i — Case i Barium stud} showing deformity of fundus 

open anastomosis carried out in two layeis with interrupted fine silk sutures 
The anastomosis may be reinforced with any available tags of omentum Any 
fluid 01 clots remaining in the abdomen are removed by suction and about 
2 5 grams of sulfanilamide crystals dusted about the anastomosis Margins 
of the diaphragm are then sutuied to the stomach well dowm from the 
anastomosis so that theie will be no pull on the suture line The re- 
mainder of the diaphragm is overlapped a distance of about one centi- 
meter and closed with mattress sutuies of interrupted silk The thoracic 
cavity is cleaned and di led and about 2 5 grams of sulfanilamide dusted ovei 
the surface of the diaphragm The chest wall is closed in layeis with silk 
without drainage aftei the lung has been inflated by the anesthetist 

Postoperative Care — One 01' two transfusions have usually been given 
during the operation These are supplemented by additional tiansfusions 
postoperative as indicated The esophageal tube which has been pushed into 
the stomach is connected with constant suction, which is maintained for about 
72 hours, at the end of uduch time liquids may be cautiously given by 
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mouth Meanwhile, the usual postoperative supportive measures and the 
maintenance of adequate fluid intake parenteially have been earned out 
Any accumulation of fluid 01 lesidual an m the left pleura is removed by 
aspnation at proper mteivals When fluids are staited they are administered 
m amounts of one ounce everv 30 minutes if toleiated well This can rapidly 



Fig 2 — Line of incision from angle of rib to costal margin Incision is made 
over eighth, ninth or tenth rib according to obliquity of ribs 





Fig 3 — Case i — Upper left Diagram of tumor and lines of 
resection Upper right Invasion of diaphragm b> tumor with line 
of incision m diaphragm “X” shows point of crush of left phrenic 
nerve Low er left End to end anastomosis of cardia and antrum 
Lower right Suture of diaphragm and. closure about esophagus 

be stepped-up and the amount and consistency of feedings increased until 
at the end of ten days the patient should be on a full soft diet, and at the 
end of the third week should be taking a full normal diet 

Case 1 — Register No 2x3573 White, male, age 49 

Family and past histories were irrelevant Present illness began about November, 
1943, with dysphagia, regurgitation of solid, food immediately after eating, and epi- 
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Tig s — Case i Outer surface showing triangular portion of diaphragm infiltrated 

bj tumor 
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gastuc pain accentuated by food and relieved by emesis There was some loss of 
weight Because of these symptoms in December, 1943, a gastro-intestmal series was 
done at the out-patient service of an overseas hospital, with indefinite findings of a 
small deformity on the gi eater curvature near the cardia Gastroscopy showed a patch 
of atrophic gastritis, and at 1500 in the antrum, a peculiar pouch giving the im- 
pression of being pulled transversely A second gastro-intestinal series Match 30, 1944, 
was reported as negatne Because of continued sjmptoms, fye was admitted to a 
hospital overseas on Apnl 20, 1944 Physical examination theie showed nothing re- 



Centimeters 


Fie 6 — Case i Mucosal surface of stomach showing thiee distinct infiltrating masses 
of tumor with ulceration of the overling mucosa 


markable except tenderness in the epigastrium without palpable mass Gastric analysis 
showed complete achlorhydria and gastro-intestinal series showed what was considered 
to be carcinoma, modeiately advanced, inoperable, involving cardiac portion of the 
stomach 

He was transferred to Walter Reed General Hospital May 8, 1944 Physical 
examination showed evidence of considerable weight loss There was slight tenderness 
to the right of the umbilicus and in the epigastrium, but no abdominal masses were 
felt Examination was otherwise essentially normal Fluoroscopic examination May 9, 
showed what appeared to be an ulcerative carcinoma of the cardiac end of the stomach 
(Fig 1) Usual laboratory examinations were within normal limits On May 19, he 
vomited a small amount of blood 

Operation — May 22, 1944 Incision was made over and parallel to the left 10th 
rib and the rib resected subperiosteally from the angle to the costal margin (Fig 2) 
The pleura was opened and the left lung collapsed There were a few shotty calcified 
lymph nodes m the mediastinum The tumor of the stomach had invaded the diaphragm 
over an area of about one inch in diameter (Fig 3), but there was no gross penetration 
of the upper surface of the diaphragm Except for the tumor in the fundus, the stomach 
was free and there were no palpable lymph nodes The incision in the diaphragm was 
continued as an ellipse well around the infiltrated area and back to the esophageal hiatus 
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Lower esophagus and upper portion of the stomach were dissected free and the spleen 
removed to increase exposure As dissection progressed it could be seen that the tumor 
did not quite involve the cardia but was confined to the fundus on the greater curvature 
Gastric vessels were identified and exposed close to the celiac axis where they were 
ligated and divided After freeing both curvatures of the stomach, stomach was transected 
with the cautery between clamps at about the midportion Dissection was carried upward 
behind the stomach and ( a portion of the left lobe of the liver, which was adherent to the 



Fig 7 ■ — Case i Section through tumor showing the loose distribution of the cells m a fine reticular 

stroma which is quite vascular 


tumor, was excised As the dissection progressed it was evident that it would be 
possible to save a cuff of the normal stomach at the cardia from one-quarter to one 
inch wide (In view of the later course, this was probably an error) Incision was made 
along this line and the intervening portion of stomach removed An end-to-end anas- 
tomosis was carried out between the distal portion of the stomach and the stump at the 
cardia A good firm anastomosis resulted and the line of anastomosis was protected 
by omentum The diaphragm was sutured above the anastomosis Two and one-half 
grams of sulfanilamide had been placed in the abdomen before closure of the diaphragm, 
and another two and one-half grams placed in the pleura The lung was reexpanded 
and the thoracic wall closed in layers without drainage 
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is a 5 x 4 cm elevated tumor centrally showing a 2 cm zone of ulceration and necrosis 
On the opposite wall there is a 2 5 cm elevated mass covered with exudate, beneath which 
the tissues are firm, fairly moist and grayish-white (Fig 6) The surrounding mucosa 
is markedly edematous One small soft node is found in the attached omentum 

Microscopic — Sections through the ulceration m the stomach reveal complete loss 
of mucosa and throughout the wall there is a diffuse infiltration of indiscriminately 
arranged neoplastic cells which show moderate variation in size and shape, but generally 
lound to slightly ovoid (Figs 7 and 8) The nuclei are quite large, round, and the 
chromatin is coarsely distributed throughout In some of the nuclei there is massing 
of the chromatin around the periphery simulating the nuclear structure of plasmoblasts 
Throughout quite a few mitotic figures are noted Theie is no stroma and between the 
cells there is a considerable amount of debris There are many newly formed blood 
vessels, particularly over the superficial portion of the tumor Section through the 
diaphragm shows widespread neoplastic infiltration and over one surface there is a 
marked serosal reaction By means of the Wilder’s stain a moderate amount of reticulum 
is noted which is m intimate relationship to the neoplastic cells The spleen shows no 
significant change One small lymph node found in the omentum reieals no alteration 
in the architecture Pathologic Diagnosis Reticulum cell sarcoma, primary, m stomach 

Due to the close similarity of many of the cells to immature plasma forms, the 
possibility of a plasma cell tumor was consideied, however, the predominant cell seems 
to- be of the reticulum type 

Case 2 — Register No 213780 White, male, age 27 

Family history essentially negatne except for death of father following operation 
for ulcer Past history Appendicectomy for acute appendicitis in 1934 Occasional 
use of alcohol, no tobacco Present illness Patient stated he had been subject to dizzj 
spells and vomiting all his life About 1941 he noted abdominal distress with sense of 
fullness, usually coming on after eating too much or too fast This was relieved by 
soda or milk There was no hematemesis or tarry stools He controlled the discomfort b> 
diet fairly well until a year previous to admission, when pain m abdomen became 
persistent after meals with radiation to left upper quadrant He was admitted to a 
station hospital on April 20, 1944, because of vomiting of blood and tarry stools 
There had been weight loss of about 10 pounds m the previous six months Roentgenologic 
examination on April 25, 1944, showed a large extramucosal tumor 6 cm in diameter 
along the medial wall in the cardiac portion of stomach, without ulceration or other 
abnormalities noted (Fig 9) 

He was admitted to Waltei Reed General Hospital on May 12, 1944 Abdomen 
was soft with no enlarged organs or masses palpable except for slight, indefinite fullness 
in upper abdomen Remainder of physical examination essentially negative A 
roentgenogram of the stomach December 14, 1943 (taken during basic training) showed 
indefinite evidence of a tumor at the cardiac end of the stomach measuring about 2 5 cm 
Gastric analysis showed free hydrochloric acid of 20-25-25-0-20 Stools were negative 
for occult blood Uranalysis normal, Kahn negative Initial blood count within 
normal limits 

Operation — May 25, 1944 Thorax opened through bed of left 10th rib No tumor 
could be felt in the mediastinum and although the abdominal tumor was palpable through 
the diaphragm, there was no invasion of the diaphragm The tumor in the fundus of 
the stomach was freely movable, located just to the left and behind the cardia, involving 
the cardia There were no apparent metastases in the abdomen Lower portion of the 
esophagus was freed and the spleen was removed to increase exposure Stomach was 
mobilized and the gastric vessels divided close to the celiac axis The lesser and greater 
curvatures of the stomach were freed at about the midportion and the stomach transected 
and the distal end closed Dissection was carried upward mobilizing the stomach and 
distal esophagus Since the tumor involved the cardia, clamps wgre placed across the 
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Fig g — Case 2 Tumor near cardn on postcromedn! 
portion of stomach 




Tig 10 — Case 2 — Lpper left Diagram of tumor and lines of 
resection Upper right Closure of stomach Lower left Fixation of 
esophagus to stomach and anastomosis Dotted lines show posterior 
sutures to relieve tension on anastomosis Lower right Fixation of 
stomach to chest wall and closure of diaphragm about stomach, with 
anastomosis reinforced by omentum 
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esophagus above the caidia and the esophagus divided between them with the cautery, 
1 ciiioving the uppet poi tioiii of the stomach and the distal esophagus This portion of 
the stomach could be easily brought up into the chest so that the esophageal stump 
ovci lapped it without tension A few silk sutures were taken to tack stomach to the 
postenoi endotho! auc fascia The stump of the esophagus was applied to the anterior 
suiface of the stomach An opening was made in the stomach and the open end of 
the esophagus sutured into it This anastomosis was reinforced by a tab of fat from 
the omentum of the greatei cut vature (Fig io) Two and one-half grams of sulfanilamide 
were placed in the abdomen and the diaphragm was closed Another two and one-half 
giams of sulfanilamide were placed in the pleura The wound wis closed without 

drainage after reexpanding the lung 

Postoperatively there was some collec- 
tion of fluid and air in the left chest with 
dyspnea, which was relieved by aspiration 
Postoperative course was uneventful Gastro- 
intestinal series June 20 showed an hiatus 
hernia (the portion of stomach sutured above 
the diaphragm) without obstruction to the 
passage of barium (Fig 11) Esophagoscopy 
August 16 showed scar of previous surgery 
without constriction, tumor masses, or other 
pathology At the time of discharge from 
the hospital, October n, 1944, he had gained 
considerable weight and was eating well 
without pam or nausea 

Pathologic Report — Capt William S 
Randall, M C Specimen consists of normal 
spleen weighing 80 grams There is a por- 
tion of stomach and I 5-2 cm distal esoph 
agus segment There is a bulging tumor, 
6x45 cm , 111 the posterior wall which has 
infiltiated through the mucosa (Fig 12) 
The tumor, on section, is quite soft and 
friable and has a papillomatous-like struc- 
luie Ihcrc are a few small superficial 

ulcerations at the cardioesophageal junc- 
tion The tumor bulges the mucosa and 

cause almost complete obstruction to the esophagus (Fig 13) 

Mtct oscopic Section through the tumoi shows widespread replacement of the wall 
by loosely and compactly arranged spindle-shaped cells which have a moderately 
fasciculated distribution The nuclei vary from hyperchromatic to vesicular, some of 
the latter being quite large with small eccentrically placed nucleoli Throughout there 
aie fairly frequent mitotic figures without bizarre forms There is considerable myxo- 
matous-like degeneration in some parts and here theie aie a few scattered multinucleated 
tumor cells, these being cut transveisely and having a polygonal shape In one section 
there is an infiltration into the submucosa with loss of the overlying mucosa which is 
replaced by a zone of inflammation and granulation (Fig 14) Throughout there are 
many thin- walled, markedly dilated blood vessels and scattered small vascular structuies, 
around which the neoplastic cells are ladially arranged, forming structures resembling 
pseudorosettes (Fig 15) Section of the spleen shows nothing remarkable Pathologic 
Diagnosis Leiomyoma of stomach wall showing low grade malignant changes 
Case 3 — Register No 219413 Colored, male, age 32 

Family history negative msofai as is known Past history irrelevant Present lll- 
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Tic 11 — Case 2 Postoperative barium 
study showing small segment of stomach 
above the diaphragm 
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ness Patient fust noticed difficulty in swallowing solid food ibout December, J943. 
but did not enter the hospital until August =5, 1944 at which time he complained of pain 
tud -vomiting aftei meals for a penod of thice months, gradually becoming worse with 
intolerance to heavy foods, and a peisistent feeling of letrostemal heaviness There 
has been a loss of about 13 pounds in weight, but no hematemesis or melena Gastric 
analysis showed no free hydrochloric acid Stools were positive for occult blood 
Roentgenologic examination August 14, showed obstructive deformity at lower aspect 



Fig 14 — Case 2 Section showing submucosal distribution of the tumor 


of esophagus with canalization Esophagus proximal to lesion was moderately dilated 
and there was a large filling defect in the region of the cardiac orifice 

He w'as transferred to Walter Reed General Hospital September 6, 1944 At 
this time he had lost 25 pounds in weight since December, 1943 Physical examination 
was essentially negative Esophagoscopy September 11 showed the esophagus to be 
normal dowrn to a point about 1 5 inches from the cardia where lumen of the esophagus 
was almost completely filled with grayish, fungating tumor tissue, springing mainlv 
from the anterior and left lateral walls Movement of the esophageal walls at the tumor 
level w r as not obstructed and there did not appear to be any fixation Remaining lumen 
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was too small to admit the esophagoscope Biopsy taken showed the esophageal mucosa 
to be pai tially intact and there was an occasional nest of cardio-esophageal glands The 
stroma in most of the fragments was replaced by papillary adenocarcinoma, the cells of 
which were of the columnar type with granular cytoplasm and round to ovoid basophilic to 
vesicular nuclei which showed fairly fiequent mitoses The cells showed no significant 
secretion Surrounding these zones of neoplasia there was a diffuse chronic mflam- 
matoiy reaction Pathologic Diagnosis Adenocarcinoma of esophagus A roentgenogram 
on September j?th showed irregular annulai constriction of lower end of esophagus 
chaiacteristic of ulcerative carcinoma (Fig 16) Uranalysis and Kahn, negative 


i n 1 



Fig js — Case 2 Typical distribution around newlj foinied blood -vessel The neoplastic cells here 
show considerable vncuolation and central! v located vesicular nuclei are quite evident 

Opciation — September 18, 1944 The thorax was opened through bed of left 8th rib 
Tumor of the lowei 1 5 inches of the esophagus was palpable above the diaphragm and 
tumor of the cardia palpable through the diaphragm There were no apparent metastatic 
lymph nodes in the mediastinum Tumor was found to involve the cardia and fundus 
of the stomach There was involvement of the diaphragm at the cardia Crura of 
the diaphragm were divided well away from the mass back to the aorta, freeing the 
portion of diaphragm attached to the esophagus (Fig 17) Incision was made over the 
esophagus up to the level of the pulmonary vein and the esophagus freed by sharp and 
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blunt dissection downward to the cardia The spleen was removed for better exposure 
Gi eater curvature of the stomach was ficed and the lesser peritoneal cavity opened 
1 he posterior surface of this cavity was found to be involved by infiltrating tumor so 
that the postei lor pel itoneum was dissected free down to the upper margin of the 


C 

% 



Fir 16 — Ci<;c 1 Rocntgenogr'im showing ob 
struction of low u esophagus with extension of tumor 
into stomach 



Tic 17 — Case s — Upper left Diagram of tumor and 
lines of resection Lower right Line of incision in di i 
pliragm with resection of diaphragm about the esophagus 


pancreas Left gastric vessels weie ligated close to the celiac axis ictioperitoneally 
Frozen section of tissue taken from region of celiac axis just at the upper border of 
the pancreas was reported as carcinoma The stomach was divided at about its mid- 
portion Esophagus was then divided about one inch above the tumor The proximal 
end of the stomach was closed with two layers of inverting silk sutures, stomach was 
drawn up into the thorax and the apex of the greater curvature fixed to the endo- 
thoracic fascia with silk sutures Posterior surface of the esophagus was sutured to 
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Fig 18 — Case 3 Upper left Division of stomach with cauterj 
Upper right Division of esophagus with cautery Lower left Fixa 
tion of stomach and esophagus, and anastomosis Low er right 
Fixation of stomach and closure of diaphragm about stomach 



Fig 19 — Case 3 Postoperative roentgenogram showing 
large portion of stomach above the diaphragm (indicated b> 
dotted lines) 
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the anterior surface of the stomach for a distance of one inch A one-inch incision was 
then made in the stomach and end-to-side anastomosis carried out between the esophagus 
and stomach Diaphragm was closed with interrupted sutures of silk and the edges of 



1 1 1 1 1 i 1 1 1 I I 1 1 I i i i J 


Centimeters _ 

Tig 20 — Case 3 Posterior mow of specimen showing imohcd ljmph nodes around 

the cirdio esophageal junction 

the diaphragm sutured to the stomach (Fig 18) Fiftj thousand units of penicillin 
were placed in the opening of the mediastinum Lung was reexpanded bv the anesthetist 
and the thoracic wall closed in layers without drainage 

Postoperative course was excellent One aspiration of bloody seious fluid in the 
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left chest was necessaiy On October 20, csophagoscope was passed without difficulty 
fheie were no signs of recuirence of tumor Line of suture was seen where lumen 
was somewhat nan owed There ivere no clinical symptoms of stricture and patient 
was eating 1101 mal diet without difficulty At the time of his discharge from the hospital, 
No\ embei S, 1944, he had gained consideiable weight, was eating well, and had no 



Fig 22 — Case 3 Section of stomach show mg' extensive submucosal infiltration of the tumor 

symptoms Fluoroscopic and film study of the esophagus and the stomach with barium 
swallowing, November 9, 1944, demonstrated no obstruction or filling defects The left 
side of the diaphragm was located at the midportion of the stomach and did not move with 
respiration Its lateral anterior and posterior poi tions w r ere demonstrated and the opening 
for the stomach appeared adequate (Fig 19) 

Pathologic Repoit — Capt William S Randall, MC Normal spleen weighing 105 
grams, which on section shows nothing of significance With the spleen there is a 2 5 
x o 5 cm soft lymph node, showing nothing of note on section A separate specimen con- 
sists of 4 cm of distal esophagus with a 9-cm segment of stomach A small portion 
of diaphragm is attached at the cardio-esophageal junction Around the posterior portion 
of the specimen at the cardio-esophageal junction there are several small lymph nodes 
which are quite firm and seem to be replaced by tumor (Fig 20) There is no evidence 
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of tumor along the resected esophageal portion or along the edges of the stomach 
There is marked narrowing of the esophagus, particularly at the junction, the lumen 
measuring approximately o 5 cm Upon opening there is an 8-Mm uninvolved portion 
of esophagus above the tumor and at one point a 1 x o 5 cm varix The wall of the 
esophagus is 10-13 Mm thick and the tumor is firm, fairly polypoid and extends mosth 
along the lesser curvature for 3 cm while near the cardio-esophageal junction it almost 
encircles the lumen (Fig 21) 



Tig 23 — Case 3 Section taken at cardio esophageal junction showing large neoplastic glandulai 
structures encroaching upon the "normal” esophageal mucosa 

Mici oscoptc Section through the esophageal portion of the specimen reveals a 
fairly large margin of unmvolved mucosa and muscularis The portion of the involved 
esophagus shows extensive replacement of the submucosa and muscularis by infiltrating 
strands and nests of moderately differentiated glandular structures The glands are lined 
with a stratified layer of columnar cells, the nuclei of which are generally round and 
moderately vesicular A few mitotic figures are noted There is a small amount of 
secretion within the lumen of the glandular structures The general histology seems, 
to indicate primary origin m the cardio-esophageal glands Section of the stomach 
shows widespread submucosal infiltration of the tumor which involves a considerable 
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portion of the muscular coats (Figs 22 and 23) There is rather diffuse dense fibrous 
reaction and here there is moderate chronic inflammation Two of the several lymph 
nodes around the cardio-esophageal area show secondary adenocarcinoma, one of these 
being completely replaced The spleen shows nothing of significance Pathologic 
Diagnoses Moderately differentiated adenocarcinoma arising in cardio-esophageal glands 
Secondary adenocarcinoma in regional lymph nodes Normal spleen 

CONCLUSIONS 

1 The transthoracic appioach to the tipper abdomen widens the horizons 
of the surgery of gastric malignancy 

2 Three cases of transthoiacic gastiectomy aie leported, m one of which 
the cardia was anastomosed to the stump of the stomach, and in the othei 
two esophagogasti ostomy was carried out 
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A PLAN FOR THE SURGICAL MANAGEMENT 
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Samuel F Marshall, MD 

DrPARTMI NT Or SURGrrV THE LAIITA CLINIC 

Boston, Mass 

Gaslrojejunocolic tistula is a senous complication of peptic ulcer 
because the presence of such a communication between the stomach, jejunum 
and colon so piofoundly influences the nutntion and health of the individual 
affected and because the tieatment involves such a complicated and hazardous 
suigical pioceduie That the nsk in opeiations emploj'ed to treat patients 
with this condition is gieat is illustrated by the high mortality figuies in 
vanous repoits in the hteiatuie Walteis and Clagett reported a mortality 
of 32 pei cent m 50 cases 111 which opeiation was carried out at the Mayo 
Clinic duiing the yeais 1928 to 1937 inclusive Moie lecently (1941), Gray 
and Sliaipe, fiom the same clinic, reported 18 postoperative deaths in 49 
cases, a moitality of 367 pei cent Allen lepoited a mortality of 25 per cent 
111 eight cases, and Wilkie, a moitality of 40 pei cent in his group of operated 
cases Loewy recoided a moitality of 27 pei cent in a series of 63 cases 
The cause of death 111 most cases has been pei itonitis resulting from con- 
tamination dui mg opeiation 01 from leakage fiom sutuie lines, or shock 
attending an extensive technical pioceduie Pulmonary complications such 
as pneumonia, embolism and occasionally hemonhage, caichac 01 renal failme 
account foi other postopeiative fatalities 

Oui intei est in this senous pioblem has been stimulated by the high 
opeiative moitality lepoited in 1935 by Lahey and Swinton, 111 which the 
immediate operative mortality was 63 per cent in eight cases Eaily m 
1938 Di Lahey suggested a two-stage opeiative piocedure, planned, we 
hoped, to avoid so high an opeiative nsk The first patient upon whom this 
plan was employed Avas successfully operated upon by the author in April, 
1938 Since that date the opeiative method has been employed in 14 cases, 
with one death (which occurred after the fiist stage), a mortality of 7 1 
per cent This fatality occuned in the second case in which the operation 
was perf mined, in othei Avoids, dunng the penod of development of certain 
technical steps 111 the operation, and ive iioav believe that it probably repi esented 
an avoidable fatality We piopose in this communication to discuss briefly 
ceitain details of the problem of gastrojejunocolic fistula, to outline the 
opeiative piocedure employed at piesent in the Lahey Clinic, and to report 
on 14 cases in Avluch this method w'as used 

Gastiojejunocolic fistula most commonly occurs folloiving operation for 
duodenal ulcer and in the majority of cases folloAVS posterior gastro- 
entei ostomy In our gioup of 14 cases, 12 patients had had posterior gastro- 

' T Read before the Fifty-sivth Annual Session of the Southern Surgical Association, 
December 5 -7, 1944, Hot Spnngs, Va 
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entei ostomy and two had had an insufficient gastnc lesection, the ongmal 
opeiation in all instances being undei taken foi duodenal ulcei Gastiocohc 
communication occasionally occuis from othei causes but these cases aie 
lelatively uncommon Fistulous communication between the stomach and 
colon may result fiom ulceration of malignancies arising either m the colon 
01 stomach, but this, too, is not a fiequent occunence Vanous othei causes 
are given m the literatuie, such as pentoneal abscess and tubeiculosis, and 
Baigen, et nl , repoited one gastiocohc fistula secondary to ulcei ative colitis 
Howevei, the majority of gastiocohc fistulae follow opeiation for duodenal 
ulcei and lesult fiom jejunal or gastrojejunal ulcei ation at the site of gastro- 
jejunal anastomosis Recurrent marginal ulcer always piecedes the develop- 
ment of the fistulous communication and may occui years after the initial 
opeiation In one case in this group (Case 13) the fistula developed 20 
years aftei an insufficient gastric resection (Table I) 

Atwatei, Butt and Pnestley stated that in a senes of 40 cases studied, 
in 42 pei cent the gastrojejunocohc fistula developed within a yeai aftei 
the ongmal opeiation I11 our own group of 14 cases, the mtei val between 
the initial operation and development of the fistulous communication ivas 
much longer 

Gastrojejunal 01 jejunal ulcei is a too fiequent complication of gastio- 
enterostomy Lahey and S wanton, in a study of the literatuie, repoited 
a variation of incidence of 1 41 (Veibiugge) to 24 pei cent (Strauss) 
Walteis icported that ulceration occurred m tlnee to four per cent of cases 
following gastro-entei ostomy 111 the Mayo Clinic, wdiereas gastiojejunocohc 
fistula occurred 111 23 of 169 cases of gastiojejunal ulcei, an incidence of 
136 pei cent Allen lepoited an incidence of 14 per cent in 36 cases of 
gastiojejunal ulcer Lahey, in a collective 1 eview, stated that in approxi- 
mately 11 per cent of gastrojejunal ulcei s, gastiojejunocohc fistula develops 

In view of the high incidence of gastrojejunocohc fistula following postenoi 
gastro-enterostomy, it is evident that ceitain precautions aie imperative to 
pi event this senous complication Gasti o-enterostomy is a valuable opera- 
tion, but has a limited application and should be employed only when sub- 
total resection is definitely conti amdicated because of the age of the patient, 
because of poor physical condition, and m the piesence of certain technical 
difficulties that would make gastric resection hazardous Furthermore, if 
resection is undei taken ’for ulcer, a considerable portion of the stomach 
must be removed (two-thirds or three-fourths) In two cases m which 
lesection was inadequate in this gioup of 14 cases, recurrent ulcer and 
subsequently gastrojejunocohc fistula developed Both of these patients 
had a letrocohc anastomosis and the colon lay directly upon the gastrojejunal 
anastomosis The majonty of the cases reported have occui red after postenoi 
resection and posterior gastro-enterostomy It is important that when 
postenoi gasti o-entei ostomy is employed, the anastomosis should be made 
thiough an opening m the mesocolon placed near the base of the mesocolon 
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rnmbtrT GASTROJEJUNOCOLIC FISTULA 

and as fai as possible from the colon It is important to remember that 
evidence of mci eased colon irritability occurring m a patient with symptoms 
ot recun ent ulcei indicates that the colon is adherent to the area of inflam- 
mation about the gastrojejunal anastomosis, and is evidence of impending 
peifoiation (Fig i) Opeiation should be advised and earned out as earl) 
as possible to pi event the senous complication of gastrojejunocohc fistula 



Fig i — Impending gastrocolic fistula Note the jejunal ulcer occurring after posterior 
gastro enterostomj , the transverse colon adherent at ulcer area, and perforation of colon 
imminent, as proven at operation 


The symptoms of gastrojejunocohc fistula are characteristic and in the 
majority of the cases the diagnosis can be readily established Recurrent 
ulcer distress occurring after operation, either gastro-enterostomy or resec- 
tion, for peptic ulcer suggests gastrojejunal ulcer The development of 
diarrhea with weight loss is strongly presumptive evidence of gastrojejuno- 
cohc fistula Pam at first may be severe and with perforation into the 
colon may subside but in the majority of our cases it continued as epigastric 
distress A history of belching of foul gas or vomiting of foul stomach 
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contents may be obtained m many cases Tbe stools are wateiy, fiequenl (6 
to 20 pet clay), and often contain undigested food particles Weight loss is 
often extieme and in two cases was as much as 40 pounds within a few 
months In addition to emaciation, dehydration, nutritional edema, hypo- 
pi otememia, anemia and sei 1011s states of vitamin deficiencies aie often 
encountei ed 

Roentgenologic examination leachly confinns the clinical diagnosis 
Positive 1 oentgenographic findings weie piesent in all of 0111 14 cases 
The fistulous communication is usual!}' easily visualized by barium enema 
(Figs 2 and 3), and undei the fluoroscope the banum mixture can be seen 
pouring into the stomach from the colon The diagnosis was established in 
the majority of our cases by roentgenologic examination after a barium enema, 
in foui instances the fistula was first visualized following the ingestion of 
a barium meal (Fig 4) 

The majonty of gastrocolic fistulae occur in men, and in our senes 
all patients were males This is the experience of othei writers upon this 
subject Walteis leported that only one patient in his group of 50 cases 
was a woman 

In most of the cases of gastiojejunocohc fistula leported by othei writers, 
the patients w'eie between 40 and 60 years of age A similar age distribu- 
tion is noted in oui series Only two patients w r ere less than 40 yeais of 
age, the youngest being 29 yeais and the oldest, 60 years 

The treatment of gastrojejunocohc fistula is purely surgical and the 
surgical management of a large gastrojejunocohc fistula is technically dif- 
ficult and often accompanied by conside able operative usk The geneially 
pooi condition of these patients, the st ige of malnutrition, the marked altera- 
tion in protein and blood chemistry findings make any extensive operative 
procedure, with measures to impro\e these states, entirely unsafe and, 
consequently, unwise Most of these patients have had repeated abdominal 
operations, which have resulted in extensive adhesions and distoition of 
abdominal anatomy This makes for time-consuming dissection to identify 
structures and establish anatomic lelations befoie any lestorative operative 
procedure can be earned out 

In an endeavor to avoid the high operative risk in these cases, numerous 
operative piocedures have been suggested and employed by different surgeons 
Experience has demonstrated that in order to prevent the recurrence of 
ulceration in any complicated ulcer case, a radical subtotal resection of the 
stomach should be employed and that an ulcer is less likely to reem aftei 
resection It is evident, therefore, that in addition to excision of the 
fistulous tiact, a radical subtotal gastrectomy should be included in the 
operative plan Howevei, an extensive block dissection of the fistulous tiact 
in addition to a subtotal gastrectomy undei taken in one stage is entnely too 
hazardous to employ and would certainly lesult m a high percentage of 
fatcdities An operation designed to excise the fistulous tiact and disconnect 
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the stomach, jejunum and colon is undoubtedly the simplest form of surgical 
appioach, but reestablishment of noimal gastro-intestinal continuity will 
lesult in lecunent ulceis in a large group of cases, and it is not to be 
lecommended in the majont) of cases Fuithermore, the induration and 
extent of the mflammatoiy exudate may pieclude any possibility of closing 
the rent in the colon 01 jejunum, and disconnection may compel the surgeon 
to proceed with extensive lesection of the involved colon and jejunum, which 
immediately places the opeiation at a high nsk level 



Fig 4 — Roentgenogram taken after a barium meal demonstrating a gastro 
jejunocolic fistula The barium has passed readily from the stomach into the trans 
verse colon and into the jejunum Note the area of spasm in the colon (Case 5) 


Simple excision of the fistulous tract and lestoration of gastro-intestinal 
continuity has been most often employed in groups of cases reported and 
it is with this type of operation that the mortality has ranged from 25 to 63 
per cent In addition, the tendency to recurrent ulceration profoundly 
influences the type of operation that should be employed for gastrojejunocolic 
fistula and a simple disconnecting operation, therefore, is not to be recom- 
mended because of the high recurrence rate In Walter’s series of 50 cases, 
most patients had a simple disconnecting opeiation and only nine had 
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an additional subtotal resection, yet the mortality m this group was 32 
per cent Fmsterer has preferred a one-stage operation for gastrojejuno- 
colic fistula, but employed a two-stage operation if simple closure of the 
colonic fistula was impossible He reported operation in 13 cases, with five 
deaths, a mortality of 384 pei cent 

Because of the poor nutritional condition of patients with gastro- 
jejunocolic fistula and because the opeiation in most instances involves long 
and tedious dissection, a two-stage procedure is to be recommended 

Pfeiffer, 9 m May, 1938, presented before the American Surgical Asso- 
ciation an opeiative method employing a prelimmaiy colostomy proximal 
to the fistula as a first-stage procedure In 1941, he reported 10 a series of 
collected cases m which this plan had been employed , ten patients had gastric 
resection in the second stage and five had simple excision of the fistula 
and lestoration One death resulted m this group, a mortality of 6 6 pei 
cent 

This operation by Pfeiffer apparently 1 educes the operative hazard 
gieatly and his mortality is the lowest yet reported in any operation designed 
to treat the serious complication of peptic ulcer This method, however, pre- 
sents certain technical pioblems which tend to complicate the operation and 
are, to a certain extent, undesirable During the second stage, any extensive 
block dissection of the fistulous communication with additional gastric 
lesection has to be carried out in the presence of a right colon fixed to 
the abdominal wall by virtue of the established colostomy and, also, m the 
presence of fecal contamination of the abdominal skin suiface The colon 
fixation adds to the difficulty of mobilizing the transverse colon, duodenum 
and pylorus in event of gastric resection Soiling of the abdominal wall 
by a draining colostomy increases the hazards of abdominal wound and 
peritoneal infection Moreover, on completion of the second stage, whatever 
it may be, the surgeon still has the colostomy opening to close, which adds 
to the extent of operation 

The operative procedure for treatment of gastrojejunocolic fistula em- 
ployed at present at the Lahey Clinic, according to the plan suggested by 
Doctor Lahey, was first used m April, 1938 Since that date we have used 
this method in 14 cases, with one death, a mortality of 7 1 per cent This 
operative plan consists of a two-stage procedure and employs the principle 
of block excision of the section of jejunum and colon involved, plus gastric 
resection The first stage of the operation is designed to divert small in- 
testinal and colonic contents from regurgitating into the stomach and 
jejunum This is accomplished readily by dividing the terminal ileum 
and per f oiming an lleocolostomy between the terminal ileum and descending 
colon Small intestinal and right colon contents are thus emptied into the 
descending colon and cannot reenter the stomach and jejunum The toxic 
and irritating effects of such regurgitation are thus avoided, and these 
patients have tended to improve m nutrition, gam m weight and in most 
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instances have complete cessation of dianhca If the dianhca docs not 
completely cease, the number of stools pei da) in all cases is greatly i educed 
It is impoitant that the hist stage of the opeiation be as simple as possible, 
because it is at this stage that the patient’s condition is at its pooiest Our 
single death occutred in the second patient operated upon, and after the first 
stage during which the light colon was lemoved in addition to lleocolostomy, in 



Fig 5 — First stige of operation for gastrojejunocolic fistula The terminal 
ileum has been divided, the proximal end of ileum has been closed b\ linersion and 
a side to side anastomosis between the terminal ileum and descending colon lias been 
established The distal end of dmded ileum is likewise closed b> nnersion and 
dropped back into the abdomen The light segments indicate the portions of stomach, 
colon and jejunum which are to be removed at the second operation 

the hope of simplifying the second stage of the opeiation The right colectomy 
should not be undertaken during the first stage because it matenally adds 
to the technical procedure of the fiist stage and mci eases the risk at a 
dangeious period of the patient’s nutritional imbalance 
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The hist stage of opeiation foi gastiojejunocolic fistula (Fig 5) is as 
follow s The abdomen is opened thi ough a left 1 ectus incision The involved 
aieas of colon, jejunum and stomach aie inspected and gently palpated, caie 
being exeicised to avoid separating adhesions m this aiea, which might 
possibly lead to leakage about the inflamed fistulous tiact The teimmal 
ileum is identified and divided about six inches fiom the ileocecal valve, the 
mesenteiy being split sufficient!) to peinut appi oximation of the teimmal 



Tig 6 — Second stage of operation for gastrojejunocolic 
fistula Draw ing illustrates the completed operation Note that 
the right colon and trans\erse colon to a point past the fistula, 
together with the portion of the jejunum involved with ulcer, 
have been resected A gastric resection completes the operation 

ileum to the descending colon The divided ends of the ileum are closed by 
inversion with layered sutuies of catgut and silk A side-to-side anastomosis 
of ileum to descending colon is then established and the abdomen closed 
m layers 

When the method was fust used, the second stage was earned out in 
about tw r o weeks after the fiist stage Howevei, it early became evident that 
a longer interval should elapse between stages 111 ordei that the patient’s 
nutrition and geneial condition could improve It is now an established 
piactice to send these patients home foi a penod of two or tlnee months 
befoie completing the opeiation by the second-stage proceduie A diet high 
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in vitamins piotem and calories is given during this interval Marked 
gain m weight is usual and one patient gained as much as 40 pounds between 
stages Marked impiovement in general condition was noted in all cases 
The second and final stage of the operation foi gastrojejunocolic fistula 
is as follows (Fig 6) The abdomen is again opened through a left rectus 
incision which extends fiom the costal margin to a level below the umbilicus 
The cecum, right colon and transverse colon are mobilized to a point distal 
to the colonic fistula All mesenteric attachments are divided The trans- 
verse colon beyond the fistula is then divided with the actual cautery between 
clamps, and the end of the distal portion of the transverse colon is inverted 
with catgut sutures, -which aie reinforced with interrupted silk sutures The 
colon and attached stomach may then be turned forward and the involved 
loop of jejunum is readily visualized and likewise lesected A high resection 
of the stomach aftei mobilization and division of its attachment completes 
the block excision of the fistulous tract and involved viscera An end-to-end 
jejunal anastomosis is carried out before completing the gastrojejunal 
anastomosis (Fig 7) The operation is extensive, but not nearly so formid- 
able as it would appeal Mobilization and division of the colon permits 
easier mobilization of the stomach and ready resection of the jejunum All 
of these cases have been operated upon without shock, and the convalescence 
has been remarkably uneventful after such an extensive lesection (Fig 8) 
Our experience with two cases has been of especial interest One patient 
(Case 11), 47 years of age, -who had had definite symptoms of gastro- 
jejunocohc fistula for a period of a yeai, during which time he had lost 60 
pounds m weight, reported immediate improvement following the first-stage 
operation of lleocolostomy Foui months after operation he has gained 21 
pounds, diarrhea has completely ceased and he has been completely asympto- 
matic Repeated examinations with barium enema have failed to show am 
colonic communication even though this could be readily demonstrated b\ 
barium enema before operation Another patient (Case 7), 53 years ot 
age, who had symptoms of gastrocolic fistula of one month’s duration and 
W'ho had indisputable roentgenologic evidence of fistulous communication 
apparently has also obtained healing following the first stage Barium enema 
has failed to show colonic communication and to date, nearly two years follow'- 
mg the first-stage procedure, he is quite well It should be emphasized 
however, that the great majority of patients with gastrojejunocolic fistula 
will require the second-stage gastric resection and block excision of the 
fistulous tract in ordei to be completely freed of all symptoms In view 
of these tw'o cases m which the fistula closed attei the first stage with 
marked improvement in nutrition and cessation of diarrhea and distress 
roentgenologic examination should again be repeated m every case before 
the second stage of the operative procedure is carried out Should examina- 
tion fail to reveal the colonic fistula, no harm can result from deferring the 
second stage provided the patient improves in health and provided repeated 
examinations fail to show' the fistula 
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Fig 8 — Roentgenogram tal en after second stage operation for gastrojejunocolic 
fistula Barium sulfate mixture ms given bj mouth and also b\ enema Note the 
resected stomach and also the remaining colon and the anastomosis between the terminal 
ileum and the colon 


SUMMARY 

Gastiojejunocolic fistula is a serious complication of peptic ulcei and 
any surgical method of tieatment will lequne an extensive opeiative pio- 
ceduie which may be extiemely hazaidous 

Gastrojejunocolic fistula follows gastiojejunal ulcer and occuis in about 
ii to 14 pei cent of such lecunent ulcers 

Suigical treatment of this condition should consist of excision of the 
fistulous tiact combined with a high gastnc lesection 

A two-stage operative pioceduie is to be recommended A two-stage 
method employed in the Lahey Clinic is descubed Results 111 14 cases 111 
which the opeiation has been employed aie buefly repoited 

The immediate operative moi tality in the gi oup of 14 patients was 7 1 
per cent 
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Disc lssion — Dk T Suri ton PIoksii y, Richmond, Va Doctoi Rienhoff is to 
be congiatulated on the iesults he has obtained and the eNcellent way in which his 
patients have been followed 

For a good many years I hare been using a modification of the Billroth-I tvpe 
of partial gastrectomv, which I ha\e published seveial times Of course, no one type of 
paitial gastrectomy is always applicable and I occasionally use a type of Billroth-II, 
as the Hofmcister or Polya, such as Doctor Rienhoff descnbes 

Peptic ulcer of the duodenum is usually cuied by medical treatment, but m the 
event that it cannot be so cured and it becomes a surgical case, the lesion is often in 
the posterior wall of the duodenum and has penetiated into the head of the pancreas 
At least, this has been mv CNperience One of the chief difficulties in such cases is the 
ticatment of the stump of the duodenum If the ulcer is removed the stump of the 
duodenum is sliott and difficult to close If a little shelf of the posterior wall of the 
duodenum is dissected fiom the pancreas, the stump of the stomach can be brought 
ovci and united to the duodenum with a senes of interrupted mattress sutures of 
chiomic catgut All of these are placed befoie any one is tied, and if befoie tying them 
the Payr clamp is removed from the stomach and an incision of about 1 to 1 5 inches 
is made m the anterior wall of the duodenum, the stomach can be puckered and a 
straight end-to-end anastomosis may be made Before tying these sutures, a tag of 
omentum is brought over the raw surface of the pancreas behind the sutures and sutured 
to this sui face and to the uppei border of the pancreas This tends to reinforce the 
posterior portion of the anastomosis and covers the raw surface of the pancreas The 
rest of the operation is performed as described elsewheic The posterior margin of 
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the stump of the stomach is then sutured to the posterior margin of the shelf of the 
duodenum with a continuous lock-stitch of chromic catgut 

The value of giving proteins as soon as possible after operation is being emphasized 
more and more After the posterior portion of the anastomosis has been completed, a 
lorceps is passed through the stump of the stomach and pushed through the anterior 
wall of the stomach at a point about four inches from the margin of the stump Two 
small catheters with additional perforations are drawn through, one for about 3 5 inches 
and the other for almost its entire length, leaving only about four inches of it outside 
the stomach Each catheter is sutured to the gastric wall separately with fine chromic 
catgut and a purse-string suture is then placed around both The short end drawn 
through is left in the stomach and the long end is carried through the duodenum with 
long forceps and into the jejunum The anterior portion of the anastomosis is then 
resumed and the two catheters are brought through a stab wound to the left of the 
incision, or through the upper portion of the abdominal wound The anterior wall of 
the stomach is sutured to the parietal peritoneum and a tag of omentum is drawn 
around the catheters for further protection Thus, the stomach is kept empty without 
the discomfort that an indwelling nasal tube would bring, while through the other 
catheter a formula of proteins for the jetunum can be introduced within 48 hours 
after operation 

There are, to be sure, some recurrences of duodenal ulcer or anastomotic ulcei 
which is duodenal after this type of operation, but they usually can be treated medically 
with success I have had to operate upon only one case of recurrent ulcer after this 
type of gastrectomj, and then I did a gastro-enterostomy, and the patient obtained 
perfect relief After a Billroth-II type of operation, however, the prospect of a jejunal 
ulcer hangs over the patient, it may not occur for many years And a jejunal ulcer 
is a very different problem from recurrent duodenal ulcer It almost always requires a 
difficult and serious operation, and even then the conditions that produce a jejunal 
ulcer are not materially altered 

The criterion as to the presence of free hvdrochloric acid in the stomach after a 
type of Billroth-II operation is often fallacious The duodenal contents, m which the 
chief alkaline factor is panci eatic juice, may flow into the stomach to such an extent 
as to neutralize the free acid secreted by the remaining part of the stomach There is, 
too, the natural tendency for a deficit m the function of an organ to be replaced by 
hypertrophy and hyperplasia of the organ Thus, it is well known that large portions 
of the kidney or the liver may be experimentally removed if done at intervals, and the 
remaining portion will usually hypertrophy sufficiently to carry on vital function, which 
would not occur were too much of these organs removed at one time This seems to 
be true with the stomach , after removal of large amounts, the remaining portion 
hypertrophies and a much more free secretion of acid 111 the gastric juice results The 
small intestinal tract increases in sensitivity to gastric acid from the duodenum down 
As physiologists have shown, there is a natural regurgitation of duodenal contents into 
the stomach during the normal process of digestion, and one cause of a peptic ulcer is 
spasm of the pyloric portion of the stomach which prevents the normal regurgitation 
of duodenal contents After removal of the pyloric end of the stomach there is nothing 
to obstruct a full amount of regurgitation of duodenal contests 

As for gastrojejunocolic fistula, the cause of such a fistula is excessive hydrochloric 
acid m the gastric juice This is distinctly antiseptic and renders this type of fistula 
quite different from an ordinary fistula m aseptic colon Consequently, it would seem 
that extensive resection of the colon m such a condition is unnecessary, even though 
there may be some ulceration in the colon, if the irritating cause of this ulceration — 
high acid content of the gastric juice — is removed, the ulcer will doubtless heal 

Dr R L Sanders, Memphis, Tenn I shall confine my remarks to Doctor Rien- 
hoff’s subject I am of his opinion that a study of cases in private practice should give 
us an idea of where we stand after 25 years of dealing with stomach problems With 
this objective, we recently made a study of our cases of gastric resection for stomach 
and duodenal ulcer and reported the findings at the meeting of the Western Surgical 
Association 

This study covered a period of 26 years (1918-1944), and included 1,218 private 
ulcer cases, divided into two groups, from T918 through 1931, and from 1932 to the 
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present time In the first group we did 35 pyloroplasties, 125 gastro-enterostomies and 
three resections In the second group there were 14 pyloroplasties, 58 gastro-enterostomies 
and 101 resections We have not done a pyloroplasty in five years , since 1940 the 
number of resections has increased 25 per cent while the number of gastro-enterostomies 
has diminished correspondingly At the present time, three-fourths of our operations 
for primary duodenal ulcer are resections Thus, during the past decade we have swung 
definitely from palliative to radical tieatment of duodenal ulcer 

We also agree with Dr Rienhoff that, if one takes out the ulcer-bearing zone, the 
lesult will be satisfactory In the average case we do not remove more than 65 per cent 
of the stomach With this operation we have found that 80 per cent of patients are 
completely relieved and an additional 10 per cent partially relieved The remainder 
have had symptoms and clinical evidence of recurrence, or have had some complication 
which has obscured the result of the operation 

When one considers this partially relieved group one wonders if the pendulum has 
swung too far toward resection These patients no longer have intractable pam, but 
still have a little nausea and perhaps some vomiting, they are weak and anemic and 
cannot gain weight The question is even more serious concerning the umeheved group 
Perhaps a gastro-enterostomy would have been the better procedure On the other 
hand, had a gastro-enterostomy been done, a resection might ultimately have become 
necessary Some patients apparently have what we call the “ulcer diathesis,” and no 
matter what is done, either medically or surgically, they remain unchanged They are 
the ulcer type and, despite even radical resection, are candidates for further trouble 
We do not yet have the answer to the problem m these cases, but until we do it is well 
to remember that, although we may expect fewer recurrent ulcers after resection, 
gastro-enterostomy is still the best operation for a good number of patients 

Dr Willard H Parsons, Vicksburg, Miss I desire to add three additional case 
reports to those presented by Colonel Griswold Each was operated upon by a trans- 
abdominal approach, and I am inclined to believe that general surgeons, untrained m 
the refinements of thoracic surgical technic, will find this approach preferable to the 
transthoracic route Thoracic surgeons may find the transthoracic as safe as the ab- 
dominal route, however, and in their hands such a procedure may be superior 

The first patient, a woman past the age of 50, was found on study and at surgery 
to have a benign gastric ulcer somewhat larger than is usually encountered The case 
is of interest, however, because as shown (slide) there is demonstrated by tissue section 
one of the larger major bleeding points at the base of the ulcer A thrombotic plug 
m one of the major arteries is shown, and the bleeding from this vessel was controlled 
only by gastrectomy 

The next patient, a woman, age 38, came to the Clinic because of serious gastric 
hemorrhage of such severity that the hemoglobin level was 40 per cent, erythrocytes 
2,050,000 The roentgenograms ultimately revealed a very small prepyloric lesion 
Radical subtotal gastrectomy was done with inclusion of great omentum, and micro- 
scopic section showed a rather small sarcoma of the stomach (slide) The sarcoma 
was obviously cellular and contained a number of vascular spaces that might tempt 
one to place this tumor m some special classification Ewing, however, holds that 
vascular spaces of this type do not warrant bizarre classification of the tumoi The slide 
also demonstrates over the tumor the site of an ulcer which had healed under medical 
management 

The final patient to be reported was a man, age 70, who had developed symptoms 
referable to the stomach nine months prior to registration at the Clime Ultimately, 
a diagnosis of polyposis of the stomach was established and subtotal gastrectomy was 
performed (slides) It is unusual for polypoid proliferation to so closely follow the 
lines of the mucosal rugae that there are no true isolated polypoid tumors, but rather 
polypoid hyperplasia of the entire mucosa The microscopic section shows the rather 
curious cystic hyperplasia of mucosal glands which occurs in polyposis of the stomach 

Dr Charles C Green, Houston, Texas I should like to comment on Col Gris- 
wold’s paper Two years ago I heard an excellent presentation on this subject read 
before the Texas Surgical Society by Major Coleman, one of our guests today, and he 
showed a wonderful motion picture of Ins surgical technic of the transpleural approach 
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to lesions of the upper abdomen I am glad to hcai Col Griswold recommend the 
resection of the tenth rib I have nevei done tins but I believe it will give a more 
flexible opening and an easy approach I think it is one of the greatest advances in 
uppei abdominal surgery 

Dr Frank H LAiirv, Boston, Mass From my point of new it is safer to make 
the exploration to deteimme opei ability in manv lesions situated veiy low in the 
esophagus thiough the abdomen lather than thiough the pleural cavity A. small 
incision through the abdomen peinuts the patient to get up and around in a dav 01 
two and often more leachlj settles the question of opei ability than does chest exploration 
If one chooses to opeiate in two stages for lesions low m the esophagus, the stomach 
can, by the abdominal route, then be dev asculai lzed, and the omentum can be taken off 
The omentum so often contains metastases in these cases that omcntumectomv is woilli 
doing In addition, the spleen can be 1 cmoi cd when the omentum is taken off abdommallv, 
which makes for easier handling, wider lemoval, and, thus, increased radicalness when 
the second stage is done through the chest Fui thcimoie, removal of some of the high 
gastnc lesions can be done more safely fiom below' bv a total gastrectom>, than from 
above, as tiansthoracic resection We have now done more than 90 total gastrectomies, 
and the mortality, certamh in the last 25 is down around 10 per cent 

Some time ago w’e suggested that m all cases of gastric cancer, the stomach be 
nrigated pieoperatively with 07 pei cent Indiochlonc acid, because bv tins means 
the bacterial count in the gastric contents can be almost entuclv eliminated prior 
to operation 

With legard to Doctor Rienhoff’s papei on peptic ulcer, I ha\c just sent an 
editonal to one of the suigical journals on this subject in which I stated that the 
moitahty of subtotal gastrectomv for ulcei todav has resolved itself, in our hands, 
almost solely to the proximity of the ulcei to the common duct Peritonitis as a mor- 
tality factor together with pneumonia, has been practically eliminated 

We feel verj stronglv that as we have increased our experience with subtotal 
gastrectomy m patients with duodenal ulcer, we hare removed moie and more ulcers 
and the lesults have been better, we feel verv stionglv that the Finsterer operation 
by exclusion is a bad operation I11 it w'e ha\c seen moie recurrent gastiojcjunal ulcers 
in the gastnc stump than have occuued followung subtotal gastrectomv in which all 
of the pjlorus and prepvlonc region is remo\ed We feel stronglv, likewise, that the 
lesults have been better m subtotal gastiectomv when we have taken out that portion 
of the duodenum containing the ulcer 

I would like to submit a plan, which I ha\e also just sent for publication, which 
makes the removal of these ulcers easier, that is, a T-tube is inserted into the common 
duct, the sphincter of Oddi is dilated, and the tube is passed through the duct into 
the duodenum It is a great comfort to know' w’hcrc the sphincter of Oddi is If the 
tube piotrudes through it, you can put youi finger on it, know' the level at which it 
enteis, and you know how much duodenal stump theie is left You can also be sure 
of the location of the duct behind the duodenum as it passes through the induiated 
bed of the pancreas 

As to the amount of stomach to be removed, cvervone has to settle that for himself 
I do not think that is as important as removal of the ulcer We have seen enough cases 
in which the ulcer has been left behind 111 which a jejunal ulcer has occurred in the 
stump and in which secondary removal of the ulcer has resulted m healing of the 
gastiojcjunal ulcer in the stump of the stomach, that we are convinced that leaving 
ulcei s is undesirable 

We realize that there are occasional ulcei s which are so indurated and so scan ed that 
no plan exists whereby they can be removed safely, and we realize that in these cases a 
tw'O-stage opeiation, such as the Finsterer resection by exclusion or a high gastro- 
enterostomy, with a dehbeiate plan for a second-stage removal of the ulcer when it 
has healed, has a real place 

Colomi I Mims Gaci, Atlanta, Ga The edited tianscnpt was not received m time 
for publication If it is received before the “Transactions of the Southern Surgical 
Association” js published, it will appear therein 
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Du Di k\ i Hart, Durham, N C This discussion will be limited to the question 
of tieatmcnt of severe hemorrhages from ulcers There is a fairly widespiead opinion tint 
opeiation in the piesence of a low hemoglobin due to lepeated c cveic hemotihage is fol- 
lowed by an almost prohibitively high moitality Our experience has been that we can delay 
operation, use lepeated transfusions, and have the hemorrhages stop in most cases, 
with a very low mortality in the nonopeiative cases As a result of this method of 
tieatment, however, patients coming to operation have been the poorest surgical lisks, 
but by the use of large quantities of blood (1500 to 4000 cc ) immediately befoie and 
during opeiation the mortality in the operative cases has also been kept low 

Of a total of 1318 ulcer patients admitted to the hospital, 275 (21 pei cent) have 
come 111 with bleeding at time of admission, 79 had an hemoglobin below 50 per cent 
Of this latter gioup 66 w'ere tieated by 11011-operative methods with one death, a 
mortality of 1 5 per cent Thirteen continued to bleed and were operated upon, with 
one death, giving a mortality of 7 7 per cent 111 the operative group The one death 
following operation w’as m a patient with an ulcer low down (at or below r the ampulla 
of Vater) in the duodenum, making lesection impossible An exclusion operation 
was performed, bleeding continued from the ulcer, and death w’as due to hemoirhage 
The mortality for the entire group of patients w’hose hemoglobin was below 50 per 
cent w r as 2 5 per cent 

From this experience w'e feel that patients wuth a bleeding ulcei should be tieated 
first by nonoperative measures In the small gioup where such treatment fails, operation 
can be performed with relative safety if large quantities of blood aie given befoie 
and during operation With such a regimen the total mortality has been lower than 
would have been likely had a high percentage been treated surgically soon after admission 


Coioncl R A Griswold, MC, Washington, D C (closing) With legal d to 
Doctor Lahey’s remarks, w'e have not lrngated the stomach in cases where theie was 
no stasis, however, we have administered dilute hvdrochlonc acid either by mouth or 
tube in those cases wuth achlorhydria I cannot agree wuth Doctor Lahey on the danger 
of the thoracic approach The thoracic surgeons have show'll us that the chest can be 
entered wuth the same impunity as the abdomen, if propei attention is paid to respnatoiy 
physiologj In tumors of the upper stomach and lower esophagus, the operation is 
certainly easier wuth the lesion directly in the middle of the field rather than up undei the 
dome of the diaphragm If necessary, total gastrectomy may be carried out by the 
thoracic approach as w'dl as by abdominal loute 


Dr William F Rilnhotf, Jr, Baltimore, Md (closing) I have enjoyed the dis- 
cussions of Doctors Horsley, Sanders and Lahey very much indeed It is my opinion 
that the antecolic gastrojejunostomy or anterior Polya type of anastomosis is to be 
preferred rather than the Billroth-I as suggested by Doctor Plorsley, the reasons being 
(1) shunting the gastric contents aw'ay from the duodenum insures more prompt 
healing of an ulcer m this region, and (2) neutralization is more complete when 
jejunal contents are constantly irrigating the remaining gastric pouch I agree with 
Doctor Sanders that there is a definite group of cases, c q , older mdn lduals wuth a 
scarred and stenotic pylorus, in which a simple posterior gastro-enterostomy is the 
operation of choice 

Doctor Lahey’s point about performing a total gastrectomy abdominally instead of 
tiansthoracically is interesting Doctor Longmire, our resident surgeon, has had a 
most unusual series of cases wuth carcinoma of the stomach in which he has performed 
a total gastrectomy intra-abdommally wuthout a death Except in instances 111 which 
the low'd end of the esophagus is imolved, the opeiation may be performed, as Doctor 
Lahey suggests, wuth fewer hazards if confined to the abdomen 

I hope Doctor Lahey wull not mind if I differ with him on one point, that is the 
necessity of dissecting out all ulcers of the duodenum I believe this is unnecessaiy 
in the great majontv of patients and that the ulcer wull heal if isolated from the flow 
of gastric contents and put at rest I do not believe there is any connection between 
the presence of an ulcer 111 the mveited duodenal stump and the occurrence of a 
postoperative peptic ulcei of the jejunum 
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Dr Samuel F Marshall, Boston, Mass (closing) One must emphasize, as 
Doctor Rienhoff has done in his presentation, that, after all, the patients who finally 
come to the surgeon for treatment represent the failures under medical management, 
or the patients with serious complicated ulcers who cannot be relieved of their symptoms 
without some form of surgical procedure I am sure that the ulcer recurrence rate can 
be greatly reduced by an adequate resection of the stomach In our own experience, 
approximately only 7 per cent of patients with duodenal ulcers required operation 
During a period of seven years we have done resection in 367 consecutive cases and 
of this group, 62 were done for jejunal or recurrent ulcer, with a mortality of 22 per 
cent foi the entire group Our rate of recurrence of ulcer in this group is probably 
less than 3 per cent 

With regard to gastrojejunocolic fistula, the question has been raised relative to 
removal of so much colon, whether it is necessary to carry out such a radical procedure 
We know that in some cases with small fistulae, with only moderate amount of in- 
flammatory reaction about the fistulous tract, one can excise the fistula and restore 
normal continuity of bowel, but it is with this type of operation that the mortality has 
been so high If resection of the colon is necessary it is much safer to remove the 
right colon and transverse colon to a point beyond the fistula than it is to do a seg- 
mental resection and to attempt a primary colon anastomosis Our own experience 
has demonstrated that the mortality can be reduced by the procedure presented here 
today, that the involved colon and jejunum can be more safely removed m this manner, 
and that this removal makes resection of the stomach much easier 
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FULL-THICKNESS SKIN GRAFTS FROM THE NECK FOR 
FUNCTION AND COLOR IN EYELID AND FACE REPAIRS 

Lt Col James Barrett Brown, M C 

St Louis, Mo 
AND 

Major Bradford Cannon, M C 

Boston-, Mass 

Full-thickness grafts from the neck and the clavicular region have been 
found to give superior results m the repair of facial defects The amount of 
skm available is limited, but there is enough for eyelids, the nose, and about 
the mouth 

Two mam advantages aie improved function and color The graft was 
hist used on the lid, and many full replacements of the lid skm hardly can be 
distinguished at only two or three feet distance The color is nearly always 
close to that of the normal face and is due to the good color of the neck 
skm, plus the good function that is possible, and to the actual extra thickness 
that these grafts have over the usual thick-split or full-thickness graft None 
of these grafts so far have had to have pigment injection for color matching, 
whereas, dead whiteness or darkness of other grafts often leaves much to be 
desired There is natural redness m these grafts not found m other skm 
and this redness is the reason for the match with the surrounding skm (On 
a burned face that has healed to a dead white, these grafts give a noticeable 
contrast, although they are the closest to normal) 

The second advantage is softness and, therefore, function This function, 
of course, is of underlying muscles, but these grafts heal in so soft and have 
such thickness that the best kinesis of grafted areas can develop This property 
again is best expressed in eyelid repairs, where hard, board-like scars of 
gasoline and phosphorus burns have to be literally dug out of the lids and 
across from one eye to the other over the nose When these areas are covered 
with the neck grafts, there is often a dramatic relief of scar fixation and 
return of softness and function 

The good function is due to the thickness and softness, and possibly 
because of the character of the skin which, m its natural habitat, overlies a 
platysmal muscle This point has not been proven so far, but the result of 
an eyelid’s being soft, of normal color, giving normal function, healed m, 
with practically no edge scar, in two to three weeks after grafting, brings 
up the platysmal idea 

Late function is excellent as there is minimal contraction of the graft 
bed when these grafts are used 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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Tig 4 — Contracted area opened surface and deep scar remo\ ed as necessary, to allow a little 
more than normal expanse Where pressure alone can not be relied on — ns on the lids — the fixation is 
obtained and the proper opening of the area and the proper stretch of the giaft obtained by the long 
sutures being tied o\er cotton mechanics waste carefully packed into place, after coaering the area 
w ith fine mesh grease gauze 

This graft is usually superior in coloi and function to those fiom othei 
pieferied aieas, such as the mastoid and inguinal legions 

The mam aieas foi use aie on the lids, in the canthal regions, about the 


Tig la ib — Restoration of lid shin and function, and fairly noimal color match with graft from nech 

One operation 

Fig ea ab — Restoration of shin of both lids, and function and color with nech graft Older graft 
around inner which was taken from a distant area shows variation in color One operation for each lid 
Fig 3 — Repair of contracture of lower lip with graft from nech, color match and function about 
normal One operation Color can be compared with grafts on upper lip, which were not from nech 
Color injection of the upper lip has been done latei by Miss Gertrude Hance, in consultation with 
Dr L 1 Byars 
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ala, over the nose and about the lips and angles of the mouth As a lule, 
flap lepans aie consideied for gunshot wounds, whereas, grafts usually suffice 
foi bums However, about the lids, if a bed at all suitable can be obtained by 
dissection of the scars, these full-thickness grafts are used m prefeience 
to flaps and, it is thought, with better i esults 

Donor sites can be closed, left open to granulate, 01 giafted They may 
make ti oublesome scars foi a while, but no permanent sevei e trouble has been 



I'ig s — Celluloid or pliofilm pattern marked on neck, tension produced by assistants for ease of 
removal, fingers hold graft to avoid crushing Wound closed 


seen Large scars would be objectionable m women, but this does not preclude 
the use of small giafts 

' TECHNIC OF PROCEDURE 

The scarred or deformed area is dissected free and the edges are moved 
back to their normal position carefully, so that they are not undermined or 
too irregular and so that an accurate fit (or set in) of the graft can be done 
With this excellent graft available, careful dissection can be done and leposi- 
tionmg of parts fully carried out, with the thought of accurately filling the 
defect and counting on only the slightest contracture of the graft bed The 
pattern of the defect, m pliofilm or celluloid (roentgenogram film), is marked 
out usually just above the inner third of the clavicle eithei with methylene 
blue or directly with the knife The graft is removed in the usual manner, 
with good firm stretching by assistants to produce a “drumhead” to work on 
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After an edge is freed, fingeis are used to hold the giaft instead of forceps 
01 hooks and the dissection is completed caiefully at the proper full-thickness 
depth so that no trimming of the undei surface of the graft has to be done 
later These giafts appeal so thick that their giowth might seem questionable, 
but giowth of them has been as good as of split grafts, and there has been 
none of the spotty necrosis sometimes seen in full-tlnckness grafts 

Donor sites are usually closed, or are partly closed and partly left open, 
or covered with a split graft 



Tig 6 — Resurfacing of right upper lip with graft from neck after correction of 
deformity and reconstruction of nostril Color nntch and function about normal Two 
operations 



Fig 7 — Complete fixation of tongue in scar, released by dissection, the resulting raw surface 
covered with graft from neck in endear or to get good soft tissue to allow function Good movement 
nas been permitted from one operation Lined flap has been delayed on neck for final repair 


Application of Giafts — These grafts are set in accurately with inter- 
ruptured sutures of light silk, every two to four millimeters around the borders 
The ends of the sutures are left three to four inches long foi subsequent 
fixation of a waste form, and each two sutures are clamped with a mosquito 
clamp No holes are cut in the graft The graft is covered with fine mesh 
grease-gauze and a wad or form of white cotton, mechanics waste is packed 
carefully over this, to assure firm coverage of the entire graft 

Appropriate opposite sutures in pairs are selected for the first anchorage 
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and as the assistant fiimly compi esses the waste with his fingeis or instill- 
ment these opposing sutmes aie flunk tied ovei the waste The remaining 
sutuies aie tied ovei the waste in pans The eye is piotected with a sutuie 
closing the lids if necessaiy, and usually a laigei ovei -all waste pressure 
diessmg is applied, with a gauze roll going aiound the head, to obtain 
countei pressuie posteriorly This fixes the whole aiea and is usually moie 
comfoi table than just the small waste foim without further fixation 

Diessmgs aie done on the 3rd to 6th day, and subsequent ones aie lepeated 
as necessaiy, usually having them off about the 10th day 

Suturing these giafts in place is essential if a full edge-to-edge take is 
desired Contracted aieas, such as on the lid, aie dissected and then aie 
pulled outward with the sutures ovei the waste to establish the complete 
area of opening and the fixation at the same time A gluing method of 
fixation is not applicable by itself, though it also may be used if its added 
fixation is thought to be of benefit 

Because these giafts have been widely used, some chances of infection 
have natuially been taken about the mouth and nose, but theie have been 
no full-thickness losses A few have desquamated some epithelium, and have 
been biown and then red for a fairly long penod, but this has finally cleaied 
up, with some lesidual redness and a slight glazmess 

The giaft has been used successfully to fiee a totally lestucted tongue, 
and its use on fingers and on the penis is contemplated 

This may be recognized as a standard full-thickness graft piocedure, but 
is lecorded because of the evident worth in function and in color The slight 
extra work and extra care of the donor site ovei the usual split giaft 01 
full-thickness graft is thought to be indicated in many repairs 

This work has been done in association with Captain Carl Lischer, Captain Parke 
Scarborough, Lt Bowdom Davis, Lt Andrew Mooie and Lt Col James N Gieear, Jr, 
and his associates on the Eye Service 



TATTOOING OF FREE SKIN GRAFTS 
AND PEDICLE FLAPS* 

Louis T Byars, M D 

Si Louis, Mo 

FROM THE DEPARTMENT OF SURGERY WASHINGTON UNIVERSITY SCHOOL OF MI DICING ST LOUIS MO 

Skin color is paitially due to the piesence of certain pigments of the 
skin, as in the Negro or the dark complexioned individual Anothei factor 
producing color variations in various areas of the body is the type of blood 
flow through the skin Foi example, a small sciatch on the face ma) bleed 
annoyingly for several minutes, whereas a similar cut elsewhere on the body 
may bleed but a drop or two It is chief!} this factor of capillary flow which 
gnes the led tone to the skm of the face, eais or neck Of necessity, free 
skin grafts or pedicle flaps are often applied to the face When free skm 
grafts are taken from the postauncular region or from above the clavicle 
and applied to the face they usually match the skm well in color Pedicle 
flaps of forehead tissue also match the face well m color but necessitate the 
use of skin from elsewhere to cover the defect of the donor site Skin taken 
from other parts of the body and applied to the face may be whiter or darkei 
than face skin, but the chief factor in the color contrast is the absence of 
the red tone (Fig i) 

Heretofoie, after function and contour had been restored by surgery, the 
patient often had to resort to the use of cosmetics for a reasonably good 
appearance This has been for the most part unsatisfactory, especially with 
men During the past eight years, the cautious but increased use of pigment 
injected permanently into the derma has proven a safe and satisfactory 
adjunct to surgery to produce a better cosmetic result 1 

Tattooing is the practice of depositing permanent pigments within the skin 
and has been employed for thousands of years, either for decorative or religious 
purposes or to produce marks of identification It probably has been used in 
an attempt to hide blemishes, and we have seen a number of patients who have 
crudely tattooed themselves in an effort to eliminate or camouflage bald areas 
in the brows or scalp There is very little in medical literature to indicate 
this use of the procedure The tattooing of white corneal scars overlying 
the dark pupil of the eye has been done with considerable improvement m 
the appearance of the eye It is obvious that the pigments employed must be 
nonpoisonous, nonirritatmg to tissues, extremely insoluble and inert to body 
metabolism The pigments which we have employed have been provided by 
those firms supplying tattooing equipment to professional practitioners 
Chemically, there is probably considerable variation in their content as there 
is in their shade Black is carbon , white is barium sulphate For the most 
part, the yellows, browns and reds are earthy metallic oxides, the color being 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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controlled by the amounts o£ hematite and hmomte present Claj 01 chalk 
is sometimes contained Cmnabar, mercuric sulphide, is one of the red 
pigments sometimes used Umbei, a brown ocher, contains some manganese 
Technic * — The procedure is carried out in as near an aseptic mannei as 
possible The area is piepared with soap and water and alcohol, the pig- 
ments aie autoclaved and the mstiuments sterilized The skm must be free 
from infection The procedure is somewhat painful except when used on a 
skm graft or flap which has not yet legamed its sensation In hospitalized 
patients, analgesia may be obtained with the barbiturates Otherwise a 



ABC 


Fig i — A Defect resulting from destruction of a malignant lesion involving the ala of the nose 
md adjacent cheek 

B Repair partialU completed with two flaps one to piece out the cheek and the other to form the 
ala The cheek flap has been pigmented by color injection and the contrast is shown between this 
md the nose flap which still has its original color Transplanted tissue was from the arm 

C Final result and after pigmentation of both cheek and nose flap to match adjacent tissues 

novocaine block of the area is moie satisfactoiy than infiltration anesthesia 
The dry pigments are mixed thoroughly on a cleai glass slab and moistened 
with normal saline until about the consistency of thick cream Foi matching 
a graft to the face skm, one staits with small amounts of red, yellow and 
white The correct mixture will be a shade darker than the skm Spread- 
ing a tlun coat of the trial mixture over the contrasting area helps m obtain- 
ing a match Often aftei the red, yellow and white are blended, a small drop 
of black is added The mixture must be blended in different proportions 
m almost every case 

Professional tattooeis use an electrical vibrator with multiple needles to 
cairy the pigment into the skm This is a rapid method and it is essential 
in doing large areas Unless one has developed self-assurance, it is perhaps 
better to proceed more slowly, using multiple needle points soldered to a 
handle to prick the pigment into the derma by hand The pigment is picked 
up on the points and the needles inserted obliquely into the depths of the 

* Pigment injection was undertaken on the illustrated cases bj Miss Gertrude Hance, 
400 Metropolitan Building, St Louis, Mo 
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skin The needle pi icks must be ver}' close together, although with time there 
is dispel sion of the pigment, which gives a more umfoim appearance and 
relieves the splotchy early appearance The excess pigment is constantly 
wiped fiom the suiface so that the evenness of the injection may be observed 
Theie is a penod of fairly seveie inflammation, lasting a week oi ten days, 
following which there is desquamation of the suiface The color gradually 

diffuses and pales somewhat Patchy 
aieas may appear A second treat- 
ment is often needed, at which time 
color disci epancies can be collected 
and patchy aieas blended It is better 
to eir on the side of undei- lather 
than ovei -pigmentation 

Selection oj Cases — In geneial, 
the uses of this procedure aie (i) to 
match contrasting aieas, such as skin 
grafts, to the surrounding facial skin 
(Fig 3) , (2) to simulate missing 
termihon of the lip, (3) to blend-in 
latliei patchy scaried aieas to give a 
moie umfoim appearance, and (4) 
to camouflage bald aieas within the 
eyebi ows 

Haid scariing interferes with the 
piocess of inseition and spiead ol 
the pigment, soft scais are amenable 
to injection 

W e have had little expel lence w ith 
its use in the Negio In one such 
case whete 11 regular aieas of depig- 
mented seal wei e pi esent on the nose 
and forehead as the lesult of a burn, 
Lt Col James Bairett Brown em- 
ployed the proceduie with some suc- 
cess at Valley Foige Geneial Hos- 
pital 

Sim Giafts — New skin giafts aic 
thick and leatheiy As they get oldei 
the quality of the skin more closely 
approaches normal F01 this reason it is better to wait until a graft has 
achieved its gieatest degree of relaxation and flexibility Such a skin graft may 
be dead-white, yellowish, or brown The white graft is of couise most ideal 
but by taking into consideration the coloi of the graft when blending pigments 
it is possible to impiove greatly the color match of even the less ideal areas 
(Fig 3) 





Fig 2 — Upper picture show s thin atrophic 
scar lesulting from ladiation of an angionn Hie 
middle picture shows the lesion replaced with a 
pedicle flap from the arm The color contrast he 
tween the transplanted tissue and the forehead is 
definite The lower picture shows color matching 
of the transplant to adjacent tissue bj pigment 
injection 
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wound Considerable keloidmg has developed in the areas which healed spontaneousl> 
and there is a marked ectropion of the lower eyelid on the right 

C Repair as far as contour and function has been completed Lower ejelid is m 
good position The heavy scarring about the face has been removed and replaced with 
free full thickness skin grafts These grafts are very white and quite noticeable 

D Skm grafts have been matched to adjacent tissue by pigment injection Note the 
vermilion of the upper lip which has been emphasized by the same process Partial!} 
missing right eyebrow has been camouflaged in the same manner 

Skin Flaps — The textuie of the pedicle flap is often bettei than that of 
the free skm giaft and does not require as long a period to become soft and 
pliable Usually, the color of the pedicle flap remains much as it was on the 
donor site Theie does not seem to be the tendency to discoloration from 
condensation of pigment as occurs with the thinnei fiee grafts The flap is 
more commonly used m the reconstruction of features, such as the nose, lip, 
or full-thickness of the cheek (Figs i and 2) Oftentimes the total area 
of the face coveied by flap is not nearly as gieat as with the free skm graft 
which has been used to coriect a widespread burn 
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Veimilion of the Lip — Regardless of the perfection of contour of the 
1 econstructed lip, the appearance is artificial without a vermilion The use 
of lip-stick is not satisfactory because lip-stick does not produce the normal, 
unretouched vermilion, and with men its use is obviously undesirable 
When lip-stick is smeaied, the underlying absence of the veimilion is doubly 
noticeable The veimilion is occasionally destroyed fully or in part by 
chemical 01 fire burns, and the simulation of the normal vermilion in either 
situation aids greatly in producing a normal-looking result (Fig 3) 

Bald Ai eas — Bald areas in the eyebrow may be well camouflaged 
(Fig 3) An attempt to simulate an entire missing eyebrow gives the same 
effect as the use of an eyebrow pencil Occasionally small bald areas within 
the scalp may be made less noticeable One should be cautious in attempting 
to stipple a bald aiea on the bearded portion of the face This is likely to 
cause a duty appea 1 ance, which would be unsatisfactory 

SUMMARY 

Intradermal pigment injection has been undertaken in over 60 cases for 
the purpose of matching skin grafts and flaps to adjacent facial tissue There 
have been no complications In each case improvement was gained The 
degree of improvement -varies with the type of case and skill of injection 
This procedure has been regarded by the patients as being well worth while 

REFERENCE 

1 Hance, Brown, Byars, McDowell Surg , Gynec and Obstet, 79, 624, 1944 

Discussion — Dr John Staigh Davis, Baltimore, Md I was -very much interested 
in both these papers What Colonel Brown has shown us is the highest type of military 
plastic surgery It has been my privilege to be at Valley Forge Hospital on more than 
one occasion and I have seen some of the extraordinary plastic surgery being done there 
It is an eye-opener , nobody who has not seen what is going on can realize the magnificent 
work being done in the hospital I was greatly impressed with the morale of the patients 
in the plastic wards, it was unbelievable These men, with terrific deformities of all 
types, are cheerful and hopeful , it is marvelous to see how they are handled, and I take 
my hat off to Colonel Brown, and his associates, for the way the morale of these men 
is kept up 

The procedure described in Doctor Byars’ paper is unquestionably a very useful one 
I have, so far, not had anyone who was capable of doing these injections properly, but 
I hope to have someone trained to take care of the glaring white defects and the defects 
in eyebrows and lips His method, I think, will bring about a wider use as the technic 
becomes known 
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TANTALUM CRANIOPLASTY FOR WAR WOUNDS OF THE SKULL* 
ALajor Barnes Wood hall, M C , A U S 

AND 

Lt Col R Glen Sperling, AI C , A.U.S.I 

FROM THE NEL ROSURGICAL SECTION, WALTER REED GENERAL HOSPITAL WASHINGTON, D C 

The repair of skull defects resulting from war wounds of the head has 
become a major task of the rehabilitation neurosurgeon During the past 
vear head injuries comprised 5 9 per cent of our total casualties and approxi- 
mate!} one-fifth of these were open head wounds The care of such injuries 
is divided by the very nature of the lesion among several echelons of 
medical support In the first place, it has been estimated that 50-60 per cent 
of the men never seen alive again after entering a decisiv e engagement have 
fatal wounds of the head, although they may exhibit other potentially fatal 
injuries as well The mortaht} among those that survive varies between 
15 per cent 1 to 14 per cent 2 to 22 per cent 3 The preservation of life and 
the prevention of infection by debridement and primary closure are the 
functions of the ev acuation hospital or the special surgical unit , the treatment 
of infection and the guidance of the late stages of convalescence are the 
responsibilities of the base or numbered overseas general hospitals 

As we have pointed out recenth, 4 when the patient with a healed head 
injun returns to the Zone of the Interior he presents one of two problems 
and frequently both The first comprises an ev aluation of the existing neuro- 
logic defect, earned out by neurologic and ps> cluatric sunej s supplemented 
by electro-encephalography and pneumo-encephalography Such an evalua- 
tion is a pertinent factor in determining disposition to duty or some other 
status The second problem is that of repairing skull defects in otherwise 
fit individuals for return to duly or in patients whose skull defect represents 
merely a part of a disabling cerebral injury The repair of such skull defects 
in Army personnel, caused by gunshot wounds and by operative relief of 
traumatic intracranial hematomas and as a sequel of cerebral tumor or 
infection has been carried out in 79 patients at the Walter Reed General 
Hospital for the most part during the past 1 1 months Half of these patients 
have thus far been returned to some type of duty An incomplete estimate 
of the magnitude of this problem may be demed from the statement that 
the Walter Reed General Hospital is but one of 19 neurosurgical centers m 
the Zone of the Interior 

Before the repair of a skull defect is accomplished m any one patient 
an evaluation, not onl) of the existing neurologic defect, but also of the 
potential epileptogenic activit} of the concomitant cerebral scar is attempted 
With the time interval between initial injury and our observation of these 
cases steadih lengthening, it has become apparent that the posttraumatic 

* Read before the Fif tv -sixth Annual Session ot the Southern Surgical Association, 
December 5-7 1944, Hot Springs, Ya 

T This report was prepared while Lt Col Spurting was on overseas dub 
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convulsive state will be an impoitant disabling sequel of penetiating injuries 
of tbe biain, as it has been in the past Studies to be published shortly 5 
show that in a senes of 76 penetrating injuries of the brain obseived over a 
time penod of appioximately one yeai or less, 15 have developed convulsions 
within fom months of the injury and that a further 15, a total of 40 



Fig 1 — Extensive bifrontal defect following i mine explosion The dental stone imprcs 
sion of the defect, the wax restoration and the completed tantalum plate arc illustrated 

pei cent, now exhibit electrical cortical activity highly suggestive of an 
epileptogenic focus It may be noted in passing that these patients have 
shown a highly favoiable if eaily response to the conservative regimens 
of treatment developed during recent years 

INDICATIONS FOR CRANIOPLASTY 

The indications foi the lepair of a skull defect have been established by 
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the observations made upon many patients by numeious suigeons and 
have been stated succinctly m the classical paper upon this subject by 
Grant and Norcross 2 3 4 5 6 Such indications include 

(i) Headache and othei symptoms of the syndiome of the tiephmed, in- 
cluding veitigo, local tenderness, feai of mjuiy and a subjective feeling of 
msecunty, easy fatigability, mental depiession and intolerance to vibration 



Tic i — Vinous scalp scars following debridement of the initial mjnr\ The pioposcd scalp incisions 
for cranioplastj are indicated with broken lines 


(2) Undue pulsation of the undei lying biain 

(3) Exposuie to tiaurna of the underlying biam 

(4) Cases with defoinung and repulsive defects, and 

(5) The assumed relief of an associated convulsive state 

To these more or less cogent reasons, may be added ceitain mihtaiy 
legulations governing the handling and disposition of such patients v hen 
they aie tieated undei set vice conditions Undei AR 40-105, pai 23 e, 
an applicant foi a commission in the Aimy of the United States may be 
1 ejected for “depressed fiactuie or loss of bony substance of the skull ” 
Undei MR 1-9, an individual fails to meet minimum lequnements foi 
induction into the Army if under pai 40 a, he possesses “deformities of the 
skull in the natui e of depressions, exostoses, etc , of a degi ee v Inch v ould 
prevent the individual from wearing militaiy headgeai ” The profile sup- 
plement to MR 1-9 places patients with skull defects of this charactei m a 
peimanent restncted duty status, and m oidei to gam a more advanced duty 
status, ciamoplast} is indicated 
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Thus, in the piactice of military neurosurgery, it is imperative to repair 
all skull defects over three centimeters in diameter if a return to duty 
status is desned That this is advisable in the rugged existence of Army 
seivice is validated in pait at least by three isolated instances that have 
come under our personal observation 

Case i — P S S , Reg No 210122, age 23, was operated upon m the Walter Reed 
General Hospital on July 31, 1942, for the relief of an acute subdural hematoma in 
the left temporal region, the result of a baseball injury sustained on July 17 A four- 
centimeter skull defect 111 the left tcmpoial region and a two-centimeter defect in the 
left temporal region were caused by the operative procedure His convalescence was 
without incident and lie was returned to duty O11 March 6, 1944, he took part in a 
giudgc fight with regulation boxing glo\cs He recta ed a series of blows on the 




<• 




Tic 3 — Case 1 Bifrontal skull defect caused by fragment of 
aerial torpedo 

head and 48 hours later, bilateral subdural hematomas were drained at this hospital 
through the preexisting skull defects 

Case 2 — M F S, Reg No 195005, Walter Reed General Hospital, age 27, was 
struck in the left frontal region by a bayonet on January 9, 1942 The resulting compound 
comminuted skull fracture and cerebral laceration were debrided after resection of a 
3-4 centimeter bony defect After return to dutj, he developed severe head pam, 
localized at the point of injury, from the pressure of a steel helmet His symptoms 
were relieved by tantalum cranioplasty on July 17, 1943, with subsequent return to 
active duty 

Case 3 — Ashford General Hospital W W , age 24, a fighter pilot, assayed a 
return to duty with a small 3 5 centimeter defect m the right occipital region Rapid 
acceleration of his aircraft caused localized pain, and more significantly, blurring of 
\ lsion Both disturbances were relieved b% cranioplastv 
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It seems apparent to us, after two years of experience in these pioblems 
that the impoitant and realistic indication for the lepair of a skull defect 
in military personnel is the simple existence of such a detect ovei thiee 
centimeteis m diametei In personnel who will not letuin to duty because 
of a coexisting ceiebial mjuiy, the foim of ciamoplasty to be descnbed is 
carried out m the hope of alleviating in eveiy possible way the effect of the 
initial injury 



Tig 4 — Case i Roentgenograms of tantalum plate mlajed in bifrontal defect and earl} postoperitnc 
cosmetic result The broad scar of the original injury may be removed at a later date 

Matenals Used foi Ciamoplasty — Cranioplasty, being an operation es- 
sentially in the domain of plastic suigeiy, has been favored by the application 
of much surgical ingenuity m the use of many substitute materials Its history 
has been described by Giant and Norcross and reviewed recently by Reeves 7 
Both papers have noted the use of such substances as animal bone, celluloid, 
aluminum, gold, the fabled silver plate, platinum, autogenic and heterogenic 
bone, cartilage, sliding grafts of cranial bone, decalcified bone, buttons of 
bone and chips of bone A modern innovation m the use of bone chips and 
whole blood has been lecorded by Conveise, Clarke and Guidi 8 There 
appears to be little doubt that until the appearance of certain alloplastic 
substances, autogenous bone derived from the adjacent cranium, the ilium, 
the ribs or other osseous structuies, w'as the material of choice foi cranioplasty 
However, the plastic repair of extensive defects was not always feasible 
with the use of autogenous bone and the method suffered from the necessih 
of a second and frequently major operative procedure designed to secuie 
the graft 
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The use of alloplastic substances foi the lepan of skull defects leceived 
impetus by the icpoils of Geib,'' Beck 10 and Pc\ton and Hall, 11 desaibmg 
the clinical advantages of the tissue-ineil alloy, vitalhum Its wide applica- 
tion m ciamoplasty has been defened by the fact that vitalhum plates must 
be cast and aie not amenable to any degiee of secondaiy adjustment The 
use of vitalhum implies a two-stage opeiative pioceduie and this and othei 
defects m the technic have been answeied only paitially by Beck’s employ- 
ment of vitalhum ships cast in vanous and peihaps standaid sizes r J he 
clinical use of zucomum, -whose expenmental leactions in tissue have been 
descnbed by Campbell, et a/, 12 has been defeired by the onset of the war 
The use of ceitain synthetic resins has shown distinct, but as yet 
unpioven, piomise m ciamoplasty Ceitam lesms appeal quite inert in 
tissue, 12 and among these is methamethylaciylate (plexiglass) Guidjian 



Tig s — Case - Left trontal supra orbital and orbital plate skull defect from sliell 

fragment injur> 


has leported a single, but significant, instance of its use in the lepan of a 
skull defect following removal of a meningioma 14 Sheldon has used it 
successfully in his senes of studies upon head injuries, marked by obsei- 
vation of the living brain thiough an aciylic skull plate 15 Cameion and 
Elkins 10 have completed some 30 ciamoplasties with methamethylaciylate 
and their results, to be published shoitly, may leveal a new chapter in 
ci amoplasty 

The Use of Tantalum m Ciamoplasty — In September, 1942, one of us 
(R G S ) performed the fiist cranioplasty with tantalum m the Waltei 
Reed Geneial Hospital This clinical tnal followed the experimental obser- 
vations of Burch and Carney, 17 Burke, 18 and Pudenz, 19 and the early clinical 
trial by Fulcher 20 

These studies demonstrated the existence in tantalum of the two essential 
features of any matenal used for skull defect repan In the first place tantalum 
is lelatively inert m tissues and may be consideied absolutely inert for all 
practical pui poses A thin, tianslucent connective tissue capsule does appeal 
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about this element, well known to military suigeons who have exploied 
peripheral nerve lesions piotected by another form of tantalum — tantalum 
foil This apparently nonpiogiessive connective tissue reaction was described 
by Pudenz, 19 and has been noted also by Pudenz and Odom, 21 and by 



Fig 6 — Case 2 Roentgenograms of tantalum cranioplasty and cosmetic restoration after 

insertion of orbital prosthesis 


Delaiue, et al 22 In oui series of cases, there has been no clinical evidence 
of tissue reaction to the insertion of tantalum plates, some of them massive m 
size No reactions to heat, cold or electrical fields have been a source of 
complaint to our patients Pudenz has described proliferation of bone beneath 
the tantalum plates m his experimental animals We have had no opportunity 
to study such a plate aftei its insertion and the reaction of tantalum to the 
loentgen ray precludes roentgenographic study of new bone formation 
The second, and desirable, featuie of tantalum is its malleability without 
loss of stiength Flat sheets 015 or 020 inches in thickness and six inches 
square aie available in tbe neurosurgical centers at this time and larger 
sheets may be obtained if necessary The ductility of this bluish-white 

655 


WOODHALL AND SPURL1NG 


Annals of Surjcen 
M a j 19 4 5 


element, the 72nd in the periodic table, allows it to be drawn into wire, 
rolled into sheets of various thicknesses, or formed into structures such as 
bone plates, ribbon or screws Its strength may be considered comparable 
to steel Whether formed by preoperative molding in a dye and counterdye 

A B 




Tig 7 — Case 3 (A) Skull defect following resection of osteomjelitic bone 
(B) Same patient following tantalum cranioplast> 

Fig 7 — Case 3 (C) Roentgenograms of skull defect and tantalum repair 


or by lough molding at the opeiating table with a hammer and rounded 
form, this inherent malleability allows adjustment by cutting or contour 
changing at the time of opeiation and, thus, dispenses with multiple operative 
procedures 

The Preparation of a Tantalum Plate — Indvect o> Pumaiy Method — 
One of the several technics evolved for the preparation and insertion of 
tantalum plates has been described by Hemberger 23 With the exception 
of early exploratory efforts in this type of cranioplasty, we have adhered to 
this technic m the remaining cases of our senes Briefly stated, the method 
is as follows 
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After removal of the long hair, the margins of the skull defect ai e palpated 
through the scalp and delineated with an indelible pencil Dental compound 
is softened m waim watei and molded into the defect and for a considerable 
distance upon the sui rounding scalp A model is foimed by poui mg dental 
stone or plastei into the mass of haidened dental compound and upon this 
cast, the maik of the indelible pencil will persist The depressed aiea within 
the cast, lepiesentmg the depth and extent of the bone defect, is filled with 
wax and contouied to fit the sui rounding scalp outline In complicated fiontal 
defects, this temporary w^ax prosthesis may be placed m the actual skull 
defect, in a supia-oibital defect for instance, and compared roughly with 
the opposite side In the infiequent defoiming bilateral defects, the \vax 
lestoiation may be studied foi veiisinnlitude by the patient or by relatives 
In the uncomplicated defects of the vault of the skull, the convexity of the 
u r ax-fill should be ovei emphasized to compensate for the customary thinning 
and scarring of the ovei lying scalp and for the subsequent slight inlay 
of the plate A mold is next made w ith any of the molding sands, including 
the wax restoration and an ample mass of the adjacent skull contour A 
dye is pouied with zinc 01 in largei defects with hydromite The surface 
of the dye, aftei cooling, is painted with a solution of alcohol and talc A 
soft clay, such as moldine, is adapted about the circumfeience of the zinc 
dye to act as a mold for a counteidye of poured lead The same procedure 
is followed when hydronnte is used The requited size of 015 inch tantalum 
plate is roughly fashioned with at least a one centimeter gi eater diameter 
than assumed necessaiy to compensate foi the varying convexity of the 
plate and foi possible enlaigement of the bony defect at the time of operation 
The plate is sw'edged between dye and counteidye with a hand 01 hydraulic 
press In the swedgmg of large and complicated plates, the flow of the 
element under pressure may be associated with kinking or furrowing Local 
adjustment of such changes by hammering will allow completion of the 
press m successive stages After the initial pi ess, the edges of the plate are 
smoothed with carboiundum and it is polished with an abrasive disk A 
single hole is bored in the pioposed dependent portion of the plate or m 
its central portion for drainage pui poses qnd the plate is reswedged We 
have had no experience with plates prepared with multiple perforations but 
have not used this minor vanation in preparation of the plate for fear of 
causing undue fixation of the scalp to the underlying plate The proposed 
use of stainless steel ware mesh 24 for the repair of skull defects may be 
mentioned at this time, since it makes use of a similar principle of multiple 
perforations Before use, the plate is cleansed in laboratory cleansing fluid, 
washed m running water and sterilized in an autoclave The materials 
and apparatus lequired for the formation of such plates are available m any 
dental laboratory and the skill and experience of Army dental officers m these 
matters have been of considerable aid in the treatment of the patients reported 
in this paper 

Operative Fixation of the Plate — The majority of our operative pro- 
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ceduies have been undertaken under local anesthesia, and the lequired lining 
and chiseling of bone has been well toleiated with the aid of heavy sedation 
consisting of nembutal giams 1^4, 90 minutes befoie operation and moiphme 
grains 54 and atropine giams i/iso. 30 minutes later In unilateral and 
bilateral fiontal defects, the use of a coronal scalp flap and manipulation about 
the fiontal sinus and orbit have demanded the use of a general anesthetic, 
in these cases intratracheal ether Insertion of the plate is facilitated by 
placing the area of skull defect on a horizontal level and full use of the 
ceiebellar frame, and othei adjuncts to such posturing, is advocated 

Among the 79 skull defects repaired, 62 were caused by direct enemy 
action and the definitive treatment of the acute injury was carried out by 
overseas neurosurgeons In 54 of the 62 injuries, the resulting scalp scar 
was represented by a linear scar of varying length Tripod or formal 
ci aniotomy scars were rarely observed , there were five of the formei and 
three of the latter The skull defects were uniformly oval 01 rounded and 
no defects weie characteristic of foimally resected areas of bone, advocated 
111 World Wai I The piedominance of linear scars allowed approach to 
the skull defect in most cases by simple excision of the original scar, and by 
dissection and letraction of scalp flaps In temporal hone defects, the usual 
ci aniotomy incision making complete or paitial use of sagittally directed 
scars and circumscribing veitical scars is indicated since the mass of muscle 
and the mci eased vascularity following mjuiy m this region makes direct 
exposure of the defect unnecessarily difficult In frontal defects, rostral to 
the hair line, coronal incisions are used Plastic revision of broad or deform- 
ing frontal scars may be done as a secondary procedure In the rare tripod 
scars, exposure of one angle of the former incision may be sufficient for 
insertion of the plate Cranioplastic incisions about a horizontal scar should 
be avoided since they will be followed by incision line necrosis The revision 
of broad thin scalp scars, adherent to underlying brain tissue demand special 
study and may present foinudable problems 23 Typical scalp scais, defects 
and cranioplastic incisions are illustrated (Fig 2) 

After adequate exposuie of the aiea of the skull defect, its edges may 
be readily palpated An incision is made thiough the periciamum about the 
edge of the defect one centimeter fiom its maigin This pericranial tissue 
is resected centially, togethei with any excess extiadural tissue ovei the 
area of the defect Indicated bone resection, cerebral scar resection, dural 
repair, or other measures, are earned out To initiate the insertion of the 
tantalum plate, it is held provisionally ovei the defect and its margin altered 
if necessary with heavy cutting scissois so that it overlaps the margin of the 


A — Bifrontal skull defect from aerial torpedo fragment wound 
B — Lateral view of bifrontal skull defect 

C — Coronal scalp incision used for exposure of defects rostral to liair line 

D — Exposure of skull defect after resection of pericranium about defect 

E — Preparation of circumferential ledge about defect pnor to insertion of plate 

P — Fixation of tantalum plate by means of tantalum w edges 

G — Completed operative procedure 

H — rrontal view of patient after tantalum cranioplasty 

I — Lateral view of ciamoplasti Note restoration of frontal bone contour 
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defect foi an appioxmiate distance of one-half centnnetei Uns bolder is 
then matked by an oidmaty dental scalei and cut to a depth of two milhmeteis 
with the hneatoi, one of the simple instalments designed by Hembeigei foi 
this pioceduie This incision into bone, at right angle to the surface of the 
skull foi ms the sharp inner bolder of a circumferential ledge about the bolder 
of the defect, one-half centnnetei wide and two milhmeteis deep, foimed b) 
a Stout No 3 dental chisel The piefoimed tantalum plate is then fitted 
into this ledge, its uppei border flush with the skull, necessaiy adjustments 
being made with cutting scissois 01 nunoi contoui changes with a contour 
pheis With the plate held in position by digital piessuie, fixation is secured 
by means of tantalum triangulai points, much like glazier points Seats foi 
the tantalum wedges m the outer boidei of the bony ledge are made with a 
ti langulai pointed msti ument, the perfoi ator The tantalum w r edges, made of 
020-inch plate, aie tapped into place m the bone, and turned mwaid over 
the edge of the plate with a wedge dnectoi Four to six tantalum points 
may be used m any one case In plates assuming a veitical position, 
fiont 01 occiput, v r edges may be dnven through a dull hole in the 
supenor maigm of the plate and the weight of the plate suspended in 
this mannei Following insertion of the plate and closuie of the scalp, 
a firm, evenly distnbuted piessure diessing is applied, piefeiably with one 
of the new adhesive diessings, such as Nuhesive Such a diessmg deci eases 
the number of postopeiative aspnations of fluid blood which may collect m 
spite of meticulous hemostasis Ciamoplasty m this senes of cases has been 
undertaken as soon as primal y wound healing has occuired and has not 
been deferred because of a histoiy of pieexisting cerebial infection Pnoi 
to opeiation, piophylactic penicillin therapy is instituted wuth 30,000 units 
of penicillin being given eveiy thiee hours foi the 24 houis pi 101 to opeiation 
At the termination of the ciamoplasty, 30,000 units aie injected beneath the 
scalp incision (10,000 umts/cc ) and 15,000 units aie given eveiy three hours 
mtiamuscularly foi the following three days Two postopeiative infections 
developed pi 101 to the institution of this therapy, both 111 postinfection cases, 
both were conti oiled without open diainage and without loss of the mlayed 
plate Theie have been no infections under the regimen outlined above 
There have been no other postoperative complications of significance 
Prepar at ion and Insertion of Tantalum Plate — Direct or Secondary 
Method — The method wdnch has been described is applicable to the majonty 
of the skull defects observed some tune, re, two to four months, following 
the initial injury An linpoi tant variation, w Inch may have a w ider applica- 
tion in the field of civilian neui osurgery, consists of a preliminary duect 
impression of the proposed tantalum plate, and its insertion at a secondaiy 
operation The debridement of bone in acute injuiies of the skull, 01 the 
lemoval of a skull tumoi, 01 the sacufice of a bone plate at craniotomy, may 
suggest the desirability of a secondary repair of the resultant skull defect 
In suitable cases, this lepan may be facilitated by ledging the circumference 
of the bony defect as descnbed pieviously An impiesston is made of the 
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extent of the bony defect and the exact contour of the circumferential ledge 
with autoclaved dental compound Prior to closure of the primary incision, 
a sheet of tantalum foil, 00025 inches thick, is placed over the defect and 
extending well beyond the ledge Repeated experience with this method 
has shown that this is an important step in this technic of repair, since at 
the secondary opeiation foi the insertion of the plate, the skull defect and 
adjacent bone will be found uninvolved in seal tissue and not adheient 
to the ovei lying scalp The tantalum plate, foimed fiom the direct impression 
will need no adjustment at secondaiy opeiation and the pioceduie may be 
carried out expeditiously at any time deemed advisable dm mg convalescence 
(See Case 2) 


TANTVLUW CRANIOPLASTY IN FRESII WVtt WOUNDS 

In addition to the mote lefined methods of ciamoplasty that have been 
described, othei methods aie available foi the lepan of skull defects involving 
lelatively uncomplicated skull contoms These include the preforming of 
plates upon a basic model of the skull, with the only individual variation 
being the size of the plate, the “hammering” of plates with the aid of preformed 
plaster molds and the prepai ation of plates at the operating table by “ham- 
meiing” Fixation methods include the simple onlay of the plate 01 inlay of 
the plate 111 a ledge, spnnging of the plate m a ledge, 20 wiring, 23 01 minor 
variations in the preparation of the ledge 01 the use of V -shaped pi ongs formed 
as part of the plate and dnven into the outei table of the skull as a method 
of fixation None of these methods is applicable to the repau of deforming, 
complicated frontal defects 

Onlay tantalum plates, secuied wuth wne sutuies, or inlay plates secured 
with tantalum wedges, with the plates hammeied out at the opeiating table, 
may have a place in the cranioplasty of fiesh wai wounds, and the principles 
involved may be used in fresh civilian w'ounds of the skull Immediate cranio- 
plasty of this type is only possible because of the loweied incidence of 
infection secondary to penicillin therapy and should be leserved for those 
cases without dural peneti ation This pioceduie must still be considered 
to be in a stage of clinical trial, representing one of the effoits to hasten the 
convalescence of military casualties The following case repoit illustrates 
a pioneering effoit in this direction 

Case 4 — Reg No 219533, Walter Reed General Hospital R W D, age 21, was 
injured in France at 1030 hours, July 26, 1944, by the tree-burst of an 88-millimeter 
shell He sustained a penetrating wound of the ■vertex of the skull, the shell fragment 
traversing his helmet and causing a compound, comminuted fracture of the left parietal 
bone adjacent to the sagittal sinus and also mvohing the right parietal bone He 
was unconscious for ten minutes and upon regaining consciousness, noted motor and 
sensory paralysis of both lower extremities The right lower extremity improved 
steadily during the next 90 minutes Sulfonamide therapy, local and general, W'as 
continued during evacuation to England On July 29, 48 hours after injury, debridement 
of scalp and bone was performed, with removal of a small extradural hematoma The 
dura was intact and was not opened 1 lie outer table of the skull about the circumference 
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of the bony defect was removed, fanning a ledge upon which a “hammered” plate was 
laid and fixation secured by tantalum points Penicillin was gnen locally and parenter- 
ally and wound healing was normal 

•\t the piesent writing, the patient shows a mild spastic monoplegia, with diminution 
in cortical sensibility m the left lower extremity The electro-encephalogram is normal 
and the cranioplasty is technically above criticism 


7 



Fig 8— Case 4 Roentgenograms of skull defect following craniotoni) for tumor 
and subsequent tantalum criniophstj and uire fi\ation of remaining bone plate 


ANALYSIS OF 79 CASES OF TANTALUM CRANIOPLASTY 

In a previous report , 23 several massive tantalum ciamoplasties have been 
reported m an effoit to lllustiate the utility and simplicity of the operative 
technic and the facility with which the element may be adjusted to any type 
of repair Similai unusual cases have been reported elsewhere, 7 - 2C We 
wish to emphasize the fact, howevei, that the majority of skull defects 
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i csulting fiom wai wounds aie l datively uncomplicated problems This 
fact, added to the essential inertness and malleability of the element and the 
technical ease of its inseition, makes tantalum ciamoplasty a proceduie 
available not only to turned neuiosui geons but to military suigeons as a 
whole Peitment anahses of the cases we aie lepoiting may be sum- 
manzed as follows 


A 


B 



Tig 9 — Case 4 (A) Irregular skull defect following craniotomy for tumor (B) Cosmetic 

result following tantalum cramoplasta 


Right frontal 
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ihe piedonnnance of left-sided mjuiies is piobably not of statistical sig- 
nificance but in this paiticulai senes of cases has exeited some influence 
on the charactei of the postti aumatic neuial defect 



exusr oi 

INJURS 


Shell fr lgmcnt 

' 48 

Ostcomj clitis 

2 

Vehicle accident 

1 6 

Mine explosion 

l 

Blow 

4 

Aerial torpedo 

1 

Rifle bullet 

4 

Baxonet 

1 

Machine pistol bullet 

3 

Propeller blade 

1 

Machine gun bullet 

3 

Dynamite explosion 

1 

Craniotomy 

3 

Horse kick 

1 


The majority of skull defects aie caused by shell fragments This fact 
would suggest a failure to sui vive the impact of the highei velocity missiles of 
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rifle and machine gun This point can only be judged with the aid of active 
theatei mihtaiy pathologists 

ASSOCIATED WITH PERMANENT NEUROLOGIC DETECT 


Hemiplegia g 

Unilateral loss of vision g 

Hemiplegia and aphasia g 

Aphasia 5 

Bilateral loss of vision 5 

Mental retardation 2 

Hemiplegia and loss of \ision 1 

Monoplegia 1 

Ilomonomous hemanopsia 1 


38 

The chaiactei of the residual neurologic defect, observed at an average 
time of foui months aftei mjuiy, has been descnbed in rough terms that 
serve to indicate merely the usual forms of permanent injury, the potential 
peicentage of seveie sequelae and their influence upon disposition to duty 

INDICATIONS FOR CRANIOPLASTY AND THE RELIEF OF SYMPTOMS 

A statement concernmg the indications for cranioplasty with particular 
lefeience to the influence of the factor of return to duty has aheady been 
made We have not analysed in detail local or subjective symptoms presented 
by oui patients We have been impressed, however, by several points that 
deseive comment 

The majonty of our patients have noted localized tenderness upon pal- 
pation of the aiea of the defect, and have complained of localized pam that 
has had a tendency toward spontaneous resolution These subjective complaints 
have been benefited by cranioplasty Vertigo and generalized headache aie 
less common complaints and appeal unaffected by ciamoplasty They 
lepiesent, in all piobability, the sequelae of the cerebral mjuiy In the 
same category lests the complaint of tingling paiesthesias in upper or lower 
extiemities and chest wall occasioned by a rapid and pronounced flexion of 
the cervical spine and unaffected by cranioplasty 

The numbei of repulsive 01 deforming detects is measured by those in- 
volving the supra-oibital and frontal regions of the skull rostral to the hair 
line When associated with unilateral or bilateral loss of the orbital contents, 
they represent cosmetic disordeis that demand improvement The combina- 
tion of tantalum cranioplasty and the insertion of appiopriate oibital prostheses 
has given giatifying lesults 

A study of this series of cases has piesented at least a partial answei to 
the problem whether or not any foim of cranioplasty may influence an 
underlying convulsive state Observations of the effect of cranioplasty upon 
changes in electrical activity of the brain have been made m 26 cases studied 
before and after cranioplasty over a varying time period from 4 to 12 
months'’ Identical recoids may be obtained before and immediately after 
tantalum ciamoplasty, and it is obvious that the tantalum itself has no 
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influence upon the technic of this examination In these 26 cases, 12 showed 
no subsequent change m the character of cortical electrical activity, in ten 
there was evidence of improvement in an abnormal electro-encephalogram 
and m four the abnormal activity became even moie manifest, with the 
development of epileptogenic foci Cranioplasty was not performed upon 
patients whose convulsive state had not been conti oiled by conservative 
measuies and thus fai, theie has been no opportunity to judge the direct 
effect of ciamoplasty upon an uncontrolled convulsive state The excision 
of the concomitant ceiebral scar will always invalidate such a tnal Studies 
upon additional cases have not alteied these impressions 

DISPOSITION TO DUT\ OR OTHTU STATUS 


Discharged or retired for physical reasons 

Neurologic defect 28 

E E G epileptogenic focus 6 

Convulsions 5 

Other contributing factors 4 

43 

Discharged from hospital to duty 36 

POSTOPERATIVE COMPLICATIONS 

Infection 2 

Plate slipping (early case) 1 

Extradural pneumatocele (frontal sinus) 1 


4 

The Value of Complementary Pneumo-encephalogiaphy — We have not 
been impressed by the value of pneumo-encephalography m the estimation 
of the degree of concomitant cerebral injury when compared to the aid 
derived from a carefully reviewed histoiy, from the neuiologic examination 
and, m particular, from repeated electro-encephalographic studies Only iS 
air studies have been conducted in these patients, the majonty m those 
exhibiting convulsions or an epileptogenic focus They have added nothing 
but confirmative evidence to less distiessmg methods of examination and 
appear to hold a minor place in the survey of a relatively fresh injury With 
the use of multiple projections, the insertion of a tantalum plate, unless it be 
of massive size, need not detract from the future application of this method, 
in those cases m wdiich resection of a cerebral cicatnx may be indicated 

ILLUSTRATIVE CASES 

Case 5 — Mtdfiontal defect, aerial torpedo wound on November 27, 1943 Tantalum 
ciamoplasty, mdvect, primary method on June 29, 1944 Adequate cosmetic result 

J K , Reg No 215697, Walter Reed General Hospital, age 32, was injured on a troop 
transport by fragments from an aerial torpedo There was no loss of consciousness nor 
evidence of neurologic defect He was lowered over the side of his ship and floated about 
for several hours before being rescued by a friendly mme-sweeper Debridement and 
primary closure of a midfrontal, compound, comminuted fracture of the skull with 
cortical laceration was carried out 48 hours after injury by a British installation Wound 
healing was normal There was no history of convulsions He -was received at this 
hospital on June 17, 194/ He had no complaints and the neurologic examination was 
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normal Theie was an irregular skull defect in the midfrontal region, rostral to the 
hair line, and involving the medial and superior margins Ox both supra-orbital ridges, 
more so on the left Roentgenograms more clearly define the extent of the defect 
The preoperative electro-encephalogram showed bursts of fast activity, 14-22 per 
second, in both frontal leads Spinal air injection disclosed a normal ventricular system 
and subarachnoid space Tantalum cranioplasty through a coronal scalp incision with 
reflection of the rostral flap disclosed the skull defect A well-contoured, preformed 
tantalum plate was mlayed in the usual bony ledge and fixation was secured with 
tantalum wedges An adequate roentgenographic and cosmetic result was obtained (Figs 
3, 4 and 5) 

This particular defect and the method of repair may be considered as 
fairly typical of the majority of cases m this series 

Case 6 — Left frontal skull defect, caused by shell fragment injury on January 6, 
1944, associated with loss of left oibital contents and intra-01 bital cerebial fungus 
Meningitis Resection of fungus, duial graft and control of subaiachnoid infection 
Tantalum cranioplasty, direct, sccondaiy method, on June 1, 1944, and tiansfei to 
Ophthalmologtcal Centei 

L P D , Reg No 213526, age 22, was struck by shell fragments m the left frontal 
region and in the left orbit on January 6, 1944 He was semicomatose for the first 24 
hours and during this time the left orbital contents were exenterated and a compound, 
comminuted fracture of the left frontal bone, frontal sinus and orbital plate was debrided 
and closed His convalescence was smooth and after return to the Zone of the Interior, 
he was sent to an ophthalmologic center for an orbital prosthesis On May 7, he developed 
fever, cervical rigidity and rapidly became stuporous Lumbar puncture demonstrated 
a sterile pleocytosis of S35 cells, half of which were polymorphonuclear in type The 
acute meningeal infection was controlled readily with daily injections of 10,000 units 
of penicillin in the lumbar subarachnoid space Review of the overseas record suggested 
the possibility of an intra-orbital cerebral fungus On June 1, 1944, a coronal scalp 
flap was reflected rostrally exposing the bony defect A yellow, scarred mass of necrotic 
cerebral tissue filled the orbit This mass of tissue was resected until the margins of a 
triangular dural defect were visualized An appropriate-sized area of pericranium was 
placed over the defect and held in place by a thin disk of fibrin foam, impregnated 
with penicillin The customary ledging of the edge of the bony defect was made, the 
mold for the proposed tantalum restoration taken, and the defect and the adjacent 
ledge were covered with tantalum foil, 00025 inches thick The coronal flap was then 
closed with galeal and scalp interrupted sutures of fine nylon 

Twenty-five days later, the former corona! suture line was reopened and the 
protecting tantalum foil removed The operative field was quite clear of scar tissue and 
not adherent to the scalp Tantalum cranioplasty was promptly accomplished This 
patient has been returned to an ophthalmologic center for plastic revision erf the eyebrow 
and upper lid and for the orbital prosthesis to complete his rehabilitation (Figs 6 and 7) 

Case 7 — Fi ontal sinusitis, left, on August 26, 1943 h rti adtu al abscess, osteomyelitis ? 
left fi ontal bone Left ft ontal biam abscess Resection of biatn abscess in December, 
1943, after previous resection of left fi ontal bone Recovery with tantalum aamoplasty 
on March 2, 1944 

C B, Reg No 200710, Walter Reed General Hospital, age 23, while training, 
developed an acute left frontal sinusitis on August 26, 1943 Drainage of this infection 
was followed by osteomyelitis of the left frontal bone and an extradural abscess Resec- 
tion of the involved bone was carried out on September 2r, 1943 His convalescence 
was protracted, and following the development of stupor and electro-encephabgraphic 
localization of a focus in the left frontal lobe, an intracerebral abscess was at first 
aspirated and later enucleated in December, 1943 Ml procedures were protected by 
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penicillin admnusteied by appiopnate routes On March 2, tantalum cranioplasty 
lestored the normal skull contour of the left frontal region (Fig 8) 

Case 8 — Ci amotomy fot left paiasagittal tutitoi on December 3, 1943 Postopei ativc 
infection conh oiled bv pemedhn, with pat Hal loss of a amotomy flap Convulsive state, 



Tig 10 — Roentgenograms of multiple skull defects following 
operation for subdural hematoma and follow ing subsequent tan 
talum craiuoplastj 

with maiked anxiety concerning pulsating defect Tantalum cranioplasty on June 29, 
1944, with relief of subjective distutbances and mental 1 ehabilitation for reentry into 
civilian status 

H M F, Reg No 214687, Walter Reed General Hospital, age 31, developed head- 
ache, vomiting, impairment of vision, indifference and slow cerebration while overseas, 
with rapid progress of sa mptoms and neurologic signs suggesting a left frontal lobe tumor 
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A technically difficult icsection of a left frontal lobe parasagittal meningioma was 
accomplished on Decembei 3, 1943, necessitating finthei bone resection for exposuie of 
the tumor His convalescence was intei lupted by a wound infection, readily controlled 
bv penicillin An intermittent comulsne state was aided with conservative measures 
following his evacuation to the Zone of the Intel lor Theie was an extensive frontal 
alopcua and the patient dec eloped an anxiety state, centeied upon the obvious deformity 
and the feai of injury to the pulsating defect On June 29, 1944, tantalum cranioplasty 
collected the defoimitv and stimulated favoiably his 1 ehabilitation to civilian status 
Rcsloiation of much laigei postci aniotomy defects have been reported 7 - 20 (Figs 9 and ro) 
Case 9 — Blow m light temporal uq ion on Fcbiuaiy 14, 1943 Gradual onset of 
increasing intiaciamal pressure with ivacuahon of a cluomc subdural hematoma on 
March 30, 1943, through a subtcmpoi al dccornpr csston opening following tzoo explora- 
torv trephines Tantalum cranioplasty on September 7, 1943 

D A A , Reg No 19S922, Waltei Reed Geneial Hospital, age 24, was struck with a 
beci bottle in the right tempoial legion on Febiuary 14, 1943 He sustained a closed head 
injun and was unconscious foi two days His iccoveiy w-as protracted and nevei 
complete He continued to complain of headache and developed diplopia, left-sided 
motoi weakness and papilledema On March 30, 1943, a cluomc subduial hematoma u r as 
ewacuated in anothei hospital Following a smooth convalescence, he developed pain 
m the pulsating skull defect Spinal an injection studies and electio-encephalogiaphy 
wcie 1101 mal On Scptembci 7, 1943, a gooseneck tantalum plate w'as inserted effectively 
piotecting the megular decompiession opening and a tendei rathei large, fiontal 
ticplune opening (Fig n) 

A minoi technical point is to be noted m the accompanying lllustiation 
The thin squamous poition of the tempoial bone does not allow wiling 
leadily noi does it peimit ledge foimation In this aiea, piimaiy fixation of 
a tantalum plate mat he obtained by alternating small, V-shaped wedges of the 
plate itself, implanted above and below the bone edge The lemamdei of 
the plate is then fixed by am of the methods descnbed 

CONCLUSION 

Tantalum ciamoplasty has been earned out in 79 skull defects occulting 
m Aimy peisonnel as a xesult ot wai wounds and casual mjuiies Tantalum 
possesses two qualities essential foi a ciamoplastic matenal, meitness 111 
tissue and stiength associated w ith malleability Defects involving complicated 
contouis such as those of the supi a-01 bital ndge aie best lepaned by the use 
of piefoimed plates The technic of mlay of the plate into a cucumferential 
ledge and fixation by means of tantalum wedges is a simple pioceduie, widely 
applicable throughout all Aimy suigical installations 
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Discussion — Dr W J Mixier, Boston, Mass I have seen a good deal of thi", 
work and, as I see it, the use of the tantalum plate is a great advantage to the men m the 
armed forces There is no question but what there will be many of these plates used m 
this war, and we must consider what are the limitations of the procedure and what are 
its advantages over bone graft, and what is going to be the ultimate result to the patient 
In the first place, these plates, particularly if preformed, and particularly if handled m a 
service which is set up for it, are easy of application The first one you use in your 
civilian hospital, never having done this before, will take a long time and you will 
sweat over it, but after you achieve the technic you will find that you have something 
so much better and so much easier to handle than grafts that there is no comparison 
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As to the limitations of tins procedure, I think, we will all agree it is very valuable 
in large defects, but the question arises how far it should be carried m small defects 
In civilian life we have paid little attention to many of these small defects However, 
in the Army, by using a plate, perhaps two centimeters in size, you can make the patient 
effective for service, perhaps limited duty, perhaps combat duty The effect on morale 
is great The difficulty 'will be not in persuading patients to ha\e them put m, but in 
refusing to put them m for patients who do not need them 

Lt Col D Hi nrv Polr, Newton D Baker General Hospital, Martinsburg, W Va 
In discussing this most interesting paper I would like to present a prehminaiy icpoit of 
the methods being used at the Newton D Baker General Hospital in dealing with cranial 
defects This work is being carried on by Majoi Chailes W Elkins, of Cleveland, and 
his associates, and their results have been highly satisfactory 

Since all substances used for cranioplasties aie known to have some disadvantages, 
a more satisfactory one was thought to be necessary and desirable Since a resm 
polymer, known as methyl mercrylate oi acrylic, could be readily moulded into the 
desired shape, size, and contour and, being nonmetalhc, was not subject to the physical 
effects incident to changes m temperature, or effects of electrical phenomenon, this 
substance was selected Up to the present time, 39 patients have been operated upon 
without infection or other complication In the patients requiring accurate maintenance 
ot bom contour such as reconstruction of the supra-orbital ridge, and the nasal bones, 
a particularlv desirable result was obtained Convulsive seizures followed operation in 
two patients, but these are m no way considered to be influenced by the substance used 
for closure of the defect The largest elapsed time since the earliest implantation is 
approximately 14 months (Case of Major Joseph Cameron), and there has been no 
untoward reaction in the tissues Requiring close cooperation with the dental laboratory, 
when these moulds are made, it is now possible to perform the entire operation in one 
stage, using local anesthesia 

It is our thought at the present time that acrylic, or lucite, has certain definite 
advantages o\er tantalum, and other materials being used for cranioplasties 

Dr Claude C Coleman, Richmond, Ya It is interesting to note the changed 
attitude toward cranial defects In the early days of surgery for brain tumor, and othei 
expanding lesions, cranial defects w'ere made to give relief of intracranial pressure 
The removal of bone in the temporal region, known as “subtemporal decompression” 
was formerly the principal operation both for tumor and for trauma Cranial defects, 
therefore, w r ere not looked upon wuth any particular disfavor At the present time the 
tendencN is to keep cranial defects to a minimum and to repair those that are inevitable 
In World War I, the repair of defects w r as the chief cranial operation and there seems 
to be even more enthusiasm for repair of cranial defects in the present war It may 
be this enthusiasm is not entirely justified 

I have been very much interested m tantalum as a material for the repair of cranial 
defects but until recently this material w r as not available, and I have had no experience 
with it in cranioplasty In the years between the tw'O World Wars, I used celluloid plate 
and, m my experience, this material for cranioplasty has been entirely satisfactory *' 
I could not expect better results from any othei material Celluloid is easily molded and 
thus far I ha\ e found it necessary to remove only one plate because of infection In this 
case the defect involved the frontal sinus and sufficient time had not been allowed foi 
the patient to recover from the primary infection The use of celluloid for repair of 
cranial defects was brought to the attention of this Association by Dr W P Nicolson 
at a meeting in Pmehurst m 1920 

It appears that the trend now' is definitely against autogenous transplants, although 
a transplant from the outer table of the skull u'as widely used for repair of cranial 
defects in World War I This method, used m army cases at Cape May, was described 
by me in 19207 Dr Joseph E J King used grafts from the tibia with satisfactory results 

•^Horsley and Bigger Operative Surgery Vol 2, 4th Ed, p 1199, St Louis, C V 
Mosby Co, 1937 

t Coleman, Claude C The Repair of Cranial Defects by Autogenous Cranial 
Transplants Surg, Gynec & Ob st, 31, 40, July, 1920 
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lo piocuie autogenous tiansplants is a considerable opciation, particularly if the outer 
table of the skull is used The pioceduie for obtaining such transplant may be harmful 
to the patient, lcqumng as it docs i good deal ol hammering on the skull 

I dislike lo make too mam icfuuu.es to the Lust Woild Wai, because 1 uiidu stand 
I am slated foi the Senior list of the Association, howcvci, some reference might be 
made to what were consideicd indications for cranioplasty m iQfg All indications were 
subjective except m those defects which caused conspicuous deformity The principal 
complaints of these patients arose from fluctuation of the brain mass through the defect 
on changing position of the head This fluctuation caused disagreeable sensations of the 
head which cranioplasty rebec ed It was not believed by those who had experience in 
Woild War I that the repair of cranial defects prevented or favorably affected con- 
vulsions Repair of a defect gave a feeling of protection and a sense of security How- 
ever, the very small defects, unless producing a deformity, were not repaired It seems 
that the indications now for cranioplasty are based largely on the patient’s desire for 
operation The fact that he desires it seems to be sufficient indication for its performance 

Many cranial defects in civilian practice can be prevented In all simple depressed 
fractuies of the skull the bone fragments may be replaced and in manv compound, de- 
pressed fractures if theie is not too much contamination and when the operation can be 
undertaken early 

I was very foitunate m having the opportunity to see some of the cranial defect 
work at Walter Reed, and other aimj hospitals T he lesults of cramoplastv with 
tantalum plate in the hands of Major Woodhall and others appear to be excellent 

Du Joseph E J King, New York, N Y I am happy to hear this paper, and to 
see the splendid results The use of tantalum plate has a decided advantage over am thing 
we have seen heretofore Vitallium was difficult to mold and get into shape, and we 
could do little with it and, therefore, have discarded it I think this lias a decided 
advantage over any material except probably the celluloid used by Coleman m the 
enormously large defects that extend m different directions, because you cannot obtain 
any living transplant to fit well into such defects As to small defects, I have not seen 
any objection to the autogenous grafts, except that they are not so easily molded I have 
never seen one lost, nor seen any failures since we have used the tibial grafts instead of 
the thin ones from the outer table, which become absorbed and disappear I do not 
think these defects should be repaired if there is any possibility of underlying infection, 
or in or about the frontal sinus unless the entire sinus has been totally obliterated I can- 
not accept putting either bone or metal in unless all mucous membrane and cavity have 
been eliminated With missiles buried in the brain I see no point in performing any 
type of cranioplasty unless the foreign body is removed 

Several years ago, Dorothy Klenke removed the bone from a flap in the fust stage 
of an operation for what was thought to be a malignant underlying tumor But when 
she opened the dura a few days later it proved to be a meningioma So there was a 
large defect One of the boys remembered he had taken the bone over to the laboiatory, 
so he brought it back She perforated it seveial tunes in a pepper-box mannei with a 
small drill, put it back in place, and had perfect healing— with bone that had been 
discarded four days before 

In osteomyelitis, as shown by Furstenberg, and others (and in my personal ex- 
perience), there is no need of repairing these postoperative defects if the dura is intact 
and the pericranium has been turned down and is later approximated against the dura 
I have never seen one that failed to repair itself in two or three years, more rapidly in 
children than in adults 

Dr John W Price, Jr Louisville, Kj r I cannot lesist the temptation to express 
my appreciation of this splendid work that is being done by neuiosurgeons m this war 
As one of Doctor Cushing’s boys in the last war, I feel that I can speak with some 
authority on what we had I did the brain work in Evacuation Hospital No 7 and 
No 15, and in the mobile hospitals, and what Major Woodhall said about these defects 
being the result of mine accidents principally, and not machine gun bullets, bears out 
our experience We did not have so many cases come back to the United States after 
they got into our evacuation hospitals, yet a few did come back But the marvelous 
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woik this giotip is doing today I think is a monument to the eailj training of the 
brain surgeons, which has been going on for the past forty years *> 

Dk Ai ton Ochsner, New Orleans, La This marvelous element was first worked 
on by John Burch, a membet of the Southern Surgical Association, at Vandeibilt Uni- 
\ersity So I think we should be pioud of lnm 

I would like to ask whether there is any danger of heat absorption from the implan- 
tation of this metal There have been some leports of this 

Major Barnes Woodhall, Washington, D C (closing) We have invested a 
considerable amount of the well-being of our soldiers in this type of cranioplasty Some of 
our colleagues in othei fields of endeavoi have earned out intensive studies on the 
influence of cold and heat and electrical fields upon these plates So far as I know, 
individuals with tantalum plates do not leact adiersely to these influences under normal 
conditions of living However, we would be deiehct in our duty if we did not have 
another type of cranioplasty up our sleeves, as it w'ere, m case tantalum cranioplasty should 
fall down under some unforeseen influence, I am, therefore, grateful to Colonel Poer 
for discussing acrylic cranioplasty We have seen the majority of cranioplasties turned 
out by this method and there is no doubt but that the cranioplasty, so fai as results are 
concerned, is bej r ond reproach I feel, howevei , that the technic is moie difficult in com- 
plicated cases and, in addition, the synthetic resins are not malleable and a two-stage 
piocedure is ahvajs necessary 

In response to Doctor Coleman’s remaiks, may I say that the neurosuigical centers 
would be greatly weakened if we did not have the constant aid and comfort of what he 
calls the senior neurosurgeons 
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PENICILLIN AS AN ADJUNCT TO THE SURGICAL TREATMENT 
t)F ACUTE AND CHRONIC EMPYEMAS* 

Lt Col Brian Blades, M C , A U S 
Washington, D C 

FROM THE THORACIC SURGICAL SECTION, WALTER REED GENERAL HOSPITAL WASHINGTON D C 

The introduction of any therapeutic agent which may conti ol infections 
is leceived with enthusiasm by both surgeons and internists The former 
anticipates reduction and perhaps elimination of postoperative infections 
The latter hopes that surgical intei vention will no longer be necessary 

The astonishing lesults which have been obtained with penicillin have 
naturally revived mteiest in the nonsurgical treatment of empyema and 
also stimulated investigations on the value of the agent as an adjunct to 
surgery 

Optimistic lepoits are alieady recoided in the literature on the tieat- 
ment of postpneumomc empyema by local and systemic administration of 
penicillin Foi example, Tillett, Cambier and McCoimack 1 leport eight 
cases of pneumococcal empyemas treated by intrapleural injections of 
penicillin In seven, the infection was eliminated , six patients recovered 
completely , and only one patient was opei ated upon Keefer 2 and his 
associates have recorded successes in stenlization of empyema cavities by 
local penicillin therapy Bennett and Parkes 3 describe four moie penicillin 
cures of empyema, and ate hopeful that the necessity of surgery for sup- 
purative pleurisy will be largely eliminated by the use of penicillin Un- 
doubtedly, as penicillin becomes geneially available, more successful non- 
surgical cuies of empyema will be descubed 

PENICILLIN IN THE TREATMENT OF ACUTE POSTPNEUMONIC EMPYEMA 

Twenty-foui patients considered to have acute empyema and originally 
tieated with penicillin have been studied on the Thoiacic Surgical Section, 
Walter Reed Geneial Hospital Twenty-one of these cases were transferred 
to a geneial hospital after tieatment was begun The amount of penicillin 
given, the methods of administration and the time factois vaned consider- 
ably m this group Thirteen patients leceived both mtramusculai and local 
penicillin therapy Six patients received systemic administration of the drug 
alone In five cases, only local penicillin therapy was employed (Tables I, 
II, and III) The bacteriologic details aie not important except to state 
that in all but two cases the infections were caused by penicillin-vulnerable 
01 ganisms 

Penicillin Cuies — Tlnee patients escaped drainage opeiations In one 
case only mtramusculai penicillin was given Both mtramusculai and intra- 
pleural routes of administration were employed m the other two patients 
who recoveied without suigical intervention 

* Read before the Fifty-sivth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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Cutical analyses of these cases leveal that in two patients in whom lepeated 
aspnations and penicillin theiapy weie ci edited with effecting a non-suigical 
cuie of empyema, the fluid was infected but did not thicken to form gioss 
pus It is obvious, theiefoie, that a true abscess had not foimed and the 
empyemas veie not cuied but weie aborted 

Table I 

COMBINED SASTEMIC AND LOCAL PENICILLIN — 13 CASES 


Pleural fluid sterile 10 cases 

Penicillin cures 2 cases 

Chronic empyema 1 case 

Thoracostomy 11 cases 


RLSULTS IN 13 CASES OI~ ACUTE POSTPNEUMONIC EMPAEMA 
TREATED WITH BOTH INTRAMUSCULAR AND INTRAPLEURAL 
PTMCILLIN INJECTIONS ELEVEN REQUIRED SURGICAL DRAINAGE 


Table II 

INTRAMUSCUI AR PENICILLIN — 6 CASES 


Pleural fluid sterile 2 cases 

Penicillin cure 1 case 

Chrome empyema 1 case 

Thoracostomy 5 cases 


RESULTS IN SIN CASES OE ACUTE EMPAEMA TREATED WITH 
INTRAMUSCULAR PENICILLIN ALONE IT IS INTERESTING THAT 
THE PLEURAL ELLID BECAME STERILE IN TWO CASES 


Table III 

LOCAL PENICILLIN— S CASES 

Pleural fluid sterile 5 cases 

Chronic empyema 1 case 

Thoracostomj 5 cases 

A SUALMARA or THE RESULTS IN EIA'E CASES TREATED AAIT1I ONLA 
INTRAPLEURAL INJECTIONS Or PENICILLIN THE PUS IN THE 
EMPAEMA CAAITIES BECAME STERILE IN ALL CASES BUT THICK* 
LNED AND REQUIRED SURGICAL DRAINAGE 


In only one “penicillin cure’ thick cieamy pus was found in the pleura 
Cultuies revealed beta Sti eptococcus and Staphylococcus albas Intrapleuial 
injections of penicillin were given ovei a period of 24 days with two initial 
doses of 100,000 units followed by three injections of 40,000 units Cultuies 
of the pus were sterile aftei the fust injection of penicillin Over 5,000 cc 
of pus v f as removed by aspiration Eleven thoi acenteses were performed 
Intramuscular penicillin therapy was continued for five months A condition 
which could have been cured by adequate suigical drainage m from 30 to 
60 days was prolonged foi five months and dui mg all of this time the 
patient v f as exposed to the calamity of the development of a chronic empyema 
Chtomc Stenle Empyemas — Three patients developed chronic stenie 
empyemas while on penicillin theiapy In two instances, the complications 
weie the dnect lesults of delayed drainage of an empyema cavity containing 
thick stenle pus The third case was complicated by a bi onchopleural fistula 
There is no question that penicillin theiapy was of tremendous value in 
conti oiling a concomitant streptococcal pneumonia m this patient The 
development of a chiomc empyema was not influenced by chemotherapy 
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Summary — Our observations indicate that when suppurative pleuntis is 
caused by pemcillin-vulneiable oigamsms, intrapleural injections of the drug 
will temporarily sterilize the pus If the pus continues to thicken, however, 
it is usually necessary to perform surgical drainage to evacuate the material 
If this is not done, a chronic empyema may develop and regardless of the 
sterility of the pus, the same problem of cavity obliteration remains to be 
solved 

As experience with penicillin therapy accumulates, the therapeutic ap- 
pioaches will become more standardized Based upon our own observations, 
a tentative plan for the use of penicillin as an adjunct to the suigical treatment 
of acute empyema is suggested i An injection of 50,000 units of penicillin 
may be given intiapleuially as soon as an infected fluid appears in the 
pleural cavity It is important that treatment he withheld until the organism 
is positively identified This piecaution will prevent waste of penicillin 
in infections which do not respond to the drug, and an initial bactenologic 
diagnosis will also rule out the possibility of a tuberculous effusion or empyema 
2 If systemic penicillin has been employed during the pneumonic stage of 
the disease, we believe it should be combined with local therapy It is 
admitted that in many instances the pneumonic phase will have subsided by 
the time an empyema becomes apparent The advantage of the systemic 
route, however, is that the blood will contain an antibacterial inhibitory sub- 
stance which may control spreading cellulitis 01 invasive infection It is 
our opinion, therefore, that systemic administration of penicillin should 
always be combined with local theiapy This is particularly true in cases 
of streptococcal and staphylococcal empyemas Probably three intrapleural 
injections of 50,000 units on alternate days is sufficient for local treatment 
Befoie the penicillin is injected into the pleura, as much of the infected fluid 
as possible should be removed by thoiacentesis If the pus continues to form 
and thickens, surgical diainage should be established Temporary or even 
permanent sterilization of the pus does not alter the most important funda- 
mental surgical principle in treating empyema thoracis, namely, adequate 
drainage 


PENICILLIN IN THE TREATMENT OF CHRONIC EMPYEMA 

Systemic Adimmsti ation — After adequate drainage of a chronic empyema 
cavity has been established, it appears that neither the local nor systemic 
administration of penicillin is impoitant Dui mg the period of observation 
to determine whether the cavity will become obliterated without further 
surgical intervention, there is little danger of spreading cellulitis or invasive 
infection Continued fever and failure to gain weight and other mani- 
festations of sepsis usually mean an undrained or inadequately drained 
collection of pus No chemotherapeutic agent can be depended upon to 
replace proper drainage when dealing with pyogenic abscesses 

Local P emcillin Until penicillin becomes as plentiful, and as inexpensive 

as Dakin’s solution, azochloramid or even physiologic saline, its use as an 
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migatmg agent m diamed abscess cavities will* not be practical Fiequent 
n ligations ruth penicillin may eliminate from cultuies penicillin-vulnerable 
oigamsms, but othei common bactena will persist In five cases, daily mi- 
gations of 25,000 units of penicillin weie given foi a period of ten days 
In anothei six cases, both local and systemic penicillin weie employed 
Conti ol cases with similai infections and approximately the same-sized 
empyema cavities weie nngated with Dakin’s solution, azochloiamid and 
saline Theie weie no significant dififeiences m the time lequired foi 
healing, and cultuies fiom the cavities levealed a sinnlai vanety of oigamsms 
m all cases The pi evading oigamsms w'eie B piotcus, B aeiogenes , some- 
times itaphylococi us, occasionally Sti eptococcus faecahs and nonhemolytic 
Sti cptococcus Cultuies on chfieient days levealed difteient bactei lologic 
pattei ns 

Theie aie many disadvantages when penicillin is used foi n ligations 
To be effectual at all the agent must remain in contact with the tissues for 
some tune It is necessai), theiefoie, foi the patient to remain m bed m 
the same position foi seveial hours, so that the fluid will not be lost from 
the cavity Ii ligations at fiequent mteivals aie piecluded because of the 
extiavagant amounts of penicillin which would be necessai y 

Our expei lences suggest stiongly that the pnncipal benefits of lrngations 
lesult fiom the mechanical cleansing of the cavity and not from any chemical 
or specific antibactei ml effect of the 11 ligating agent 

Probably the most valuable idle of penicillin m the tieatment of chronic 
empyema is the piotection which it may affoid against spieadmg infection 
when a ladical opeiation is undei taken foi the obliteiation of a cluonic 
empyema catity When it is used as a piophylactic agent for this purpose, 
it is impossible to make a pi ease evaluation of its benefits It seems reason- 
able, however, that when one is working thiough an infected 01 potentially 
infected field, penicillin protection may often pi event serious wound infec- 
tions and othei complications 

PENICILLIN AS A PROPHYLACTIC AGENT FOR THE PREVENTION OF 
POSTOPERATIVE EMPYEMA IN CASES OF LUNG RESECTION 

Since postoperative empyema is the principal cause of both moitahty 
and moibidity after lesection of lung tissue, it is leasonable to utilize penicillin 
m an effort to 1 educe the incidence of this senous complication When the 
mold first became available in limited quantities, w r e employed it in cases 
of empyema following pulmonaiy lesection and weie disappointed with the 
results Penicillin w 7 as given both systenncally and locally, and there w r as 
no positive evidence in six cases so treated that it had an appreciable effect 
upon the infection 

Recently, w^e have had an opportunity to utilize penicillin as a pi ophylactic 
agent m patients subjected to lobectomy for suppuiative diseases of the lungs 
Before enumerating oui lesults it is impoitant to consider a portion of 
White’s 4 lepoit on a caiefully performed clinical research project on the 
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same subject This btudy was undei the supervision of Lockwood and Rhoads 
in connection with the activities of the Committee on National Research 
of the Office of Scientific Research and Development They found that 
penicillin was of gieatest value in cases of suppurative pulmonary infections 
In 21 patients who had partial or total lung resection for bronchiectasis 01 
multiple lung abscesses, ten cases subjected to lobectomy and two cases treated 
by pneumonectomy v’ere given piophylactic injections of penicillin Peni- 
cillin theiapy was begun seven days befoie the opeiation and continued foi 
two weeks postopei atively in doses of 150,000 units daily Penicillin w 7 as 
not applied duectly into the pleural space at the time of operation The 
control gioup consisted of seven lobectomy cases and two patients upon whom 
pneumonectomies weie performed None of the patients leceivmg penicillin 
developed evidence of mtiapleuial infection All of the control group 
developed empyemas and three of them died as a result of infection 

Our studies on the value of penicillin as a prophylactic agent in the pie- 
vention of empyema following pulmonary lesection foi suppurative disease 
of the lung aie not stuctly compaiable to those reported by White Peni- 
cillin w r as staited at varying intervals before the operations, and all cases 
leceivmg piophylactic intramuscular injections of penicillin also had 25,000 
to 50,000 units of the agent placed in the wound at the time of operation 
The cases weie not as carefully giouped as in White’s studies, but the 
vauety of lesions aie approximately the same in the tieated and in the 
conti ol series 

Thirteen of the patients in the treated gioup received penicillin the 
day of operation Seven patients leceived intiamuscular injections 24 hours 
befoie the operation In two cases penicillin was given for three days before 
surgical intervention, foi five days in tw r o other cases, and for seven days 
m tlnee others Tw 7 o patients had been on penicillin treatment for three 
w 7 eeks before lobectomy was pel formed In all instances the dosage was 
25,000 units intramusculaily at three horn intervals Penicillin was con- 
tinued aftei the opeiation until the temperatuie w r as normal and the remaining 
lung tissue was fully 1 eexpanded and the wound solidly healed 

The length of tune penicillin was employed preoperatively did not appeal 
to influence the development of postoperative empyemas For example, the 
twm patients who leceived the diug for three w'eeks before opeiation 
developed empyemas Both had pulmonary lesections for chronic lung 
abscesses The incidence of empyema in cases tieated from tlnee to five 
days preoperatively ivas approximately the same as the patients staited 
on penicillin protection 24 hours befoie suigical intervention 

Summanes of the results m the tieated gioup and in the conti ol gioup 
are shown in Tables IV and V 

It is appaient that the incidence of empyema is appi oximately the same 
m the tw'o groups Theie was one death in the series of 59 cases which 
possibly could have been avoided if penicillin had been available It is 
interesting to note that in all patients subjected to pulmonary lesection foi 
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Table IV 

PLMUI I IN-PROTECTED PULMONARY RESECTION 


Lesion 


Empj ema 

Escaped 

Empyema 

Lung abscess 

2 

2 

0 

Cystic disease 

6 

4 

2 

Bronchiectasis 

21 

5 

16 


29 

11 

IS 


SUMMART OP THC INCIDENCE Or POSTOPERATIVE EMP1EMA FOLLOWING 
PUIMONAR\ RESLCTION IN CISLS WHICH HAD RECEIVED PENICILLIN 
PROTECTION 


CONTROLS- 

Table V 

-PULMONAR'V 

RESECTION 


Lesion 


Empyema 

Escaped 

Empyema 

Lung abscess 

3 

3 

0 

Cystic disease 

7 

3 (one death) 4 

Bronchiectasis 

19 

6 

13 

Coccidioidal cjst 

1 

0 

1 


— 

— 

— 


30 

12 

IS 


RESULTS IN 30 CASES Or PULMONARV RESECTION WHICH DID NOT HAVE 

the Br\nriTS or penicillin tiierap\ 


chionic lung abscess a complicating empyema developed Hovevei, empyema 
was avoided in a iather laige peicentage of cases opeiated upon for bion- 
chiectasis This finding coi responds w lth 0111 experiences when the sul- 
fonamides weie employed in an effoi t to prevent postopei ative empyemas 
and was true even befoie chemotheiapeutic agents were available for this 
puipose It is our impiession that in oui series of cases the incidence 
of empjema depended entiiely upon successful closuie of the bronchus 
If the bionchus opened eaily dm mg the postopei ative course, a senous 
empyema developed If it did not, empyema was avoided, 01 if it did develop 
aftei the remaining lung had reexpanded it was not senous The only other 
justifiable conclusion from this study is that penicillin does not guarantee 
absolute piotection from postopei ative empyema m cases subjected to lung 
resection 


REFERENCES 

1 Tillett, Wm S, Cambier, M J, and McCormack, James E The Bull New York 
Acad Med , 20, 142, 1944 

J Keefei, C S, Blake, L G, Marshall, E Iv, Lockwood, J S, and Wood, W B 
J A M A, 122, 1217, August, 1943 

3 Bennett, T I , and Parkes, T Lancet, 1, 305, March, 1944 

4 Committee on Medical Research of the Office of Scientific Research and Develop- 

ment Infected Wounds and Burns Report No 35, September 8, 1944 


Discussion — Col I Mims Gage, Atlanta, Ga The edited transcript was not 
received in time for publication If it is received before the “Transactions of the Southern 
Surgical Association” is published, it will appear therein 

Da Frank K Boland, Atlanta, Ga I should like to express my endorsement 
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of the remaiks of the two previous speakers on penicillin as an adjunct At the colored 
division of the Giady Hospital in Atlanta, Dr Paul Beeson recently has treated 15 cases 
of acute empyema with injections of penicillin into the abscess cavity, and apparently 
has cuied ten cases without surgical operation Eight of these followed pneumococcal 
pneumonia, and two were the lesult of stab wounds of the chest in which streptococci 
were found The success of the treatment seemed to depend largely upon whether or 
not accessory pus pockets were present 

After aspirating the ca\ity as free of pus as possible, from 12,500 to 20,000 units 
of penicillin were injected daily, or every other day, as cultures showed diminished 
infection The treatment was necessary for from two to seven weeks before the discharge 
and fever disappeaied In cases that were operated upon, penicillin was continued 
as adjunct treitment We have had no experience in treating chronic cases, but all 
surgeons must welcome the addition of any agent which will cure or help cure intractable 
chronic empyema 

At the pr< sent time penicillin is achieving remarkable results in medicine and surgery, 
but one or two years is not long enough to appraise its permanent therapeutic value 
We should be slow to adopt exclusively any method of treatment as a substitute for 
good surgery 

Dr John S Lockw'ood, New Haven, Conn I think Doctor Blades is to be 
congratulated on having prepared this report based on experience m army hospitals, 
because it is to the aimy hospitals we must look for experience right now' 

Our experience in the use of penicillin in treatment of pneumococcic empyema has 
tended to support the fact that where the organism is susceptible, repeated local 
injections of 20,000 to 40,000 units of penicillin associated with drainage or aspiration 
every day, or every othei day, will often result in healing of the process, but I 
would be the last person to advise blind adherence to anv form of chemotherapy in 
empyema Each case has to be followed as an individual problem If on the basis 
of roentgenologic and clinical findings the canty is collapsing, then one is justified 
in proceeding with this course of treatment, but if there is evidence that the cavitv 
cannot be evacuated by aspiration, or if the course is not proceeding satisfactorily, one 
should do thoracotomy and drainage Pencilhn is a help, but is certainly not the whole 
story, and it would be foolish to pretend that chemotherapy will be the answer in all 
cases In multiloculated cases local therapy is not likely to succeed for obvious reasons 

In the failure of penicillin to pi event complications of lobectomy, I am frankly 
disappointed by Doctor Blades’ experience Our experience in Philadelphia certainlv 
seemed to suggest that the systemic use of penicillin was a real milestone in prevention 
of complications It seemed to have no value in tuberculosis or lung carcinoma, but 
m operations for bronchiectasis and lung abscess it seemed to be of distinct benefit 
I do not know how to account for this contrast to Doctor Blades’ experience It mav 
be because the patients in the Philadelphia group alwajs received 150,000 units a dav 
for seven days pnor to operation On the other hand, the favorable results may have 
been due to the fact that the series was comparatively small In Doctor White’s series 
there were only ten control cases, and 12 that received penicillin This is too few 
to be certain of the statistical significance of the results 

I think it peitinent to point out that empyema which usually follows pneuinectomy or 
lobectomy is usuallj' a polvmicrobic piocess Many types of organisms mav be present, 
some of which are resistant and some susceptible As a rule, it is necessarv to resort 
to the usual surgical methods in dealing with these infections once thev become established 

Finally, I do believe it worth while to use penicillin in preparing patients with 
suppurative disease of the lung for operation I recall one 14-vear-old girl, ill for 
five months, running a septic temperature, and 120 cc of sputum per day, anemic — no fit 
subject for operative procedure She w r as given penicillin, and within three or four 
days the temperature w r as noimal and the output of sputum was down to 3 or 4 cc a day, 
even with postural drainage There is no question that she was a better subject for lobec- 
tomy than before penicillin was administered This is not a constant result, but even if 
only occasional, it is worth while to use penicillin in prep" ration of patients for surgery, and 
I believe we can increase the operability of patients with bionchiectasis When it comes to 
abscess, with anaeiobic bacilli, the results aic not so satisfactoiy, and I do not believe 
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there is any panacea for tieatment of chronic lung abscess, though here again, pre- 
operative pieparation with penicillin is rational and should be used 

I would like to close on the note that this is a subject on which there is tremendous 
need for fui ther investigation Nobody can offer any dogmatic statement concerning the 
possibilities of penicillin in pulmonary suppuration There is ample evidence to warrant 
its use, but let us not get closed minds and develop any fixed opinion on any single 
type of treatment 

Dr J Sun ton Horsliw Richmond, Va In the Annals or Surgery, for September, 
1944, Colonel Edward D Churchill has an extremely interesting paper on the use of 
penicillin in the Mediterianean Area fo r which he is Consultant This seems to have 
superseded to a large extent the various sulfa drugs 

I would like to ask Colonel Blades about the methods of administration of penicillin 
An article appeared in the November number of Science* in which the investigators 
showed that applying ice to the deltoid region an hour before the intramuscular injection, 
and for a few houis after the injection, delayed very materially the absorption of penicillin 
so that injections were necessary only about even' five or six hours instead of every 
three or four hours 

Lt Col Brian Br vnrs, Washington, D C (closing) It is important to emphasize 
that the cases of acute empyema treated with penicillin had, in most instances, been treated 
elsewhere and referred to a thoracic surgery center after nonsurgical methods had failed 
I have no doubt that a larger percentage of empyema cases treated by local penicillin 
may escape surgery than is indicated bv our findings 

Perhaps we were a little too radical in providing surgical drainage as soon as frank 
pus had formed Our experience with chronic penicillin empyemas, however, made us 
feel that drainage should be provided if a ti ue abscess of the pleura develops regardless of 
the temporary sterility of the pus 

There is another factor which makes it difficult to evaluate the results with local 
penicillin therapy and repeated aspirations , namelv, it is impossible to be sure when the 
empyema is really healed One cannot measure the cavity and reliance must be placed 
upon roentgenologic findings Since a rathei large collection of fluid can be present in 
the chest and not be detected by roentgenologic examination, there is ahvays some danger 
of a chronic empyema developing m cases thought to be cured by aspiration 

Another important point to be considered is the danger of surgical drainage as 
compared with the dangei of repeated aspirations The so-called nonsurgical methods 
are not without danger For example, in two of the patients in our series penicillin 
v'as injected into the lung tissue by mistake during the course of local penicillin and 
aspiration therapy It seems reasonable to conclude that if aspiration treatment is carried 
to the fanatical extremes of 12 or 15 aspirations there will be about an equal chance of 
surgical accidents as when surgical drainage is carried out for a mature walled-off abscess 
I should like to emphasize that we do not mean to imply that penicillin is not of value 
as an adjunct to surgery in lobectomy cases Although, on a statistical basis, our series 
shows practically no difference, we have no intention of discontinuing the use of penicillin 
We feel that the only conclusion to be drawn from our limited experience is that the 
mold does not afford absolute protection against postoperative empyemas complicating 
pulmonary resection cases 

In all our cases penicillin v'as given by the intramuscular route at three-hour intervals 
We have had no experience in the method mentioned by Doctor Horsley, namely, chilling 
the tissues to effect a gradual absorption of the penicillin In this connection Romansky’s 
w r ork at the Walter Reed General Hospital might be mentioned He has found that the 
administration of penicillin in beeswax m peanut oil results in satisfactory blood levels 
which are maintained for from 3 to 24 hours, depending upon the amount of penicillin 
given m a single injection It is our intention to employ this technic in some of our 
lobectomy cases 

* Trumper, Max (Lt Comdr), and Hutter, A M (Lt Comdr ) Prolonging Ef- 
fective Penicillin Action Science, 100, 432-434, November 10, 1944 
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While hysterectomy is an operation of a specialized field, it is one which 
the general surgeon is frequently called upon to perform Probably the 
majority of hysterectomies areicarned out as part of general surgical practice 
For years the piocedure was by the supracervical technic, as it still is, m most 
instances, in the treatment of benign lesions Many surgeons, however, believe 
that, when the uterus is removed, whether the lesion be malignant or benign 
it is better to extnpate the ceivix with it It is unnecessary to extensively 
review before this group the arguments in support of the operation as a 
routine, or to enumerate those raised against it The subject has become 
somewhat controversial 

Bnefiy, it is stated by one school that total hysterectomy should always be 
pei formed as it eliminates chronic infectious processes harbored within the 
cervix and effectually removes the possibility of carcinoma developing in the 
retained stump From recent morbidity and mortality figures it is obvious 
however, that foi the occasional operator, it is better to adhere to the less 
formidable piocedure for loutine panhysterectomy, unless one has acquired 
stall from performing the operation many times, is fraught with danger and 
can les a higher moi tality than the operation in which the cervix is permitted 
to remain However, in lai ge clinics where surgeons have perfected a technic 
in cariymg out the procedure, moi tahty and morbidity are as low as is the 
case with the less formidable piocedure Under such circumstances, routine 
panhysterectomy is justified 

In weighing the advantages of panhysterectomy, one must take into con- 
sideration the highei incidence of complicating postoperative hemorrhage, 
damage to the bladdei and ureters, cystitis, infection, phlebitis and thrombosis 

There are but two possible benefits afforded the patient by having the 
cervix removed simultaneously with the body of the uterus The first is that 
it circumvents the development of cancer, providing it is not already present, 
and, second, it removes completely such infectious and inflammatory processes 
localized in the cervix, the possible precursois of carcinoma yet to appear 

Ward has stated the incidence of cervical stump cancer to be as high as 6 9 
per cent Others repoit it to be under 1 per cent The average incidence 
taken from the figures of 16 different authors who have recently reported 
on the subject is 2 69 per cent (Table I) It has been thought that cauteri- 
zation of the cervix, conization, the Stuimdorf operation, etc, would tend to 
decrease the incidence of carcinoma, possibly completely eliminating it How- 
ever, many instances of stump cancer, after such treatment, have been cited 

* Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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Table I 

ISUIJ1 V.1 Ol C VNCER IN REMAINING CLRMCAL STUMP* 



Incidence of 


Cancer of Stump 

Author 

Per Cent 

Behnej C A 

2 15 

Faehndrich J 

4 7 

1 28 

Gages' J 

3 45 

lleals Wm and Arneson A Is 

2 6 

Hochman S S 

1 14 

Tohnson C G and Ts rone C H 

2 2 

Kretzsclmrir, N R and Gardiner S 

1 7 

Lnborde S and Roques A 

2 9 

Martzloff, K H — Johns Hopkins Hospital 1889 to 1917 

0 8 

Martzloff K H — Collected statistics for The Johns Hopkins Hospital up to 1927 1 7 

Meigs J V 

1 9 


2 1 


4 0 

SchefTs L C 

3 6 

\ on Graff 

4 1 

Ma\ o Clinic 

3 97 

W r ard 

6 00 

Richardson 

2 3 

A\ crage 

2 69% 

* From Martzloff 



von Graff leportmg 37 cases of cancer developing in cervical stumps aftei 
partial hysterectoirn even after the cervix had been cauterized at the time of 
the removal of the utei us 

If, as a routine proceduie, removal of the uterus i» toto, notwithstanding 
these benefits, increases the moibidity and mortality to the extent that it 
offsets these things, desirable as they may be, then the opeiation proves to 
be ill advised, at least in the individual surgeon’s hands If the mortality of 
total physterectomy is to be greatei than that of supracervical hystei ectomy 
plus that of cancel occuirmg m the cervical stump, obviously the opeiation 
should not be pei formed 

These are truisms which have been set foith so many times that, no doubt, 
it is a matter of supei erogation to again mention them before such an audience 
They aie referred to merely in connection with the general text of the paper, 
the chief object of w Inch is to refei to an operation utilized by the authoi 
and to report the writei’s more recent experiences with it 

Many surgeons conclude that cancel appearing one year or more aftei 
operation should be considered as definite evidence that no lesion existed 
m the cervix at the time of the ongmal subtotal hysterectomy Others believe 
that cancer developing m the lemammg stump within three years following 
the original hysterectomy should be considered as probably existent at the 
time of the first procedure 

There has been great confusion m reference to this subject The matter 
is approached variously and statistical analyses are frequently unreliable As 
Martzloff has pointed out “It is one thing to speak of the incidence of cancer 
of the ceivical stump m 1 elation to cervical cancel m general and quite 
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another to speak of the incidence of cervical cancer among cervices left as 
residua following supravaginal hysteiectomy ” 

In any event, the question of whether or not a total hystei ectomy should be 
pel formed in the presence of a benign lesion is largely a matter of individual- 
ization The opeiation should be carried out if a diseased cervix is present 
or there is a certain prospect of its becoming so, but only if the operation can 
be performed without undue risk I cannot accept the opinion that total 
hysterectomy should never be carried out except in the presence of carcinoma 
Neithei can 1 agiee with those who advocate total hysterectomy as a routine 


Table II 

MORTALITY IN 1!\ STERECTOM\ * 


Author 
Amreich, I 
Danforth W C 

Doederlein 

Dupertuis S M and Zollinger R 
Faehndricli J 

Tranz K 

Fullerton W D and Faulkner R L 
Kelly-Cullen 

Kroenig 
Masson J C 
Meigs, J V 

Miller, H E and Prejean O 
Pearse R L 

Reade C D and Bell A C 

Rinaman J C and Sellers T B 

Siddal R S and Mack H C 

TeLinde, R W 

Waldeyer L 

Weibel 

Weir W 

Albrecht H 

Doederlein 

* From Martzloff 


Mortality Per Cent 
Total Supravaginal 
Hysterectomy Hysterectomy 



Per Cent 

Per Cent 


6 

1 6 

1934 


0 28 

1941 

0 66 

0 8 


S 5 



2 8 

1 7 


4 2 

1 5 


6 25 

4 5 


3 7 

1 6 


4 1 

4 2 



5 5 



1 + 


5 8 



1 2 

0 9 


4 4 

2 9 


1 33 

2 75 



1 7 


3 3 

2 + 

* 

9 6 

2 8 


6 4 

2 6 


0 

0 15 


2 2 



3 5 

4 2S 


3 1 



3 6 

1 9 


4 9 

4 9 

Average 

3 87% Average 2 35% 


I feel that the weight of suigical opinion is that the total operation is one 
always of election to be carried out only when it can be skillfully done and 
with the minimum of morbidity and mortality 

The subject of complete removal of the uterus has excited considerable 
interest m the past decade, as witnessed by the hundred or more papers pub- 
lished on the subject m that period From time to time the technic of the 
operation has been improved Farrar, Richardson, Masson, and others, have 
recently described excellent methods 

The average mortality of a large number of operations performed by 22 
reporting surgeons was 2 35 per cent for the subtotal operation and 3 57 pei 
cent for total hysterectomy (Table II) With these figures before us, v'e 
may be justifiably dubious of the alleged over-all advantages of total hysterec- 
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toniy If these average mortality figuies are to be those of an individual 
smgeon, then his couise is well defined, and that is to employ only the less 
formidable procedure 

The operation which the author has empio} ed was described in a recent 
communication and the Jesuits with the first series of patients operated on 
by the technic w r as discussed m that paper 1 

With the last 200 consecutive total hysterectomies performed, the moibidity 
has been minimum The patient left the institution on an average of the thir- 
teenth postoperative day Sixty per cent of the patients weie discharged on 
the tw elfth postoperative day All recovei ed 

The conditions foi wdnch the operation w r as cairied out W'ere 


Fibroids 

147 

72 77% 

Carcinoma of fundus or cer\ i\ 

26 

12 87% 

Endometriosis 

11 

5 44% 

Carcinoma of ovary 

3 

1 48% 

In conjunction with remoial of o\ cysts 

In addition to abdominoperineal resection for carcinoma of the 

9 

4 45% 

rectum 

1 

49% 

Mis pathologic processes 

5 

2 47% 


202 


CONCLUSIONS 

It may be assumed that the incidence of ti ue residual cei vical stump cancer 
is about 2 per cent Theiefore, if one can constantly keep one's mortality 
well under 2 per cent, with no increase in opeiative complications, then is one 
justified m carrying out the complete operation If one's moitality is con- 
sistently greater than that expressed by an aveiage irreducible minimum plus 
the percentage incidence of cervical stump cancer, then one’s course is clear 
enough, and the subtotal opeiation should be performed The question of 
what procedure to elect resolves itself into a matter of what one’s consistent 
results are as expressed in moibidity and mortality experiences 

Discussion — Dr E H Richardson, Baltimore, Md I doubt very much if most of 
the members of this Association realize from the splendid manner in which Doctor Foss 
has presented his paper, that in the American Gynecological Society this subject is 
almost as controversial as that of disks seems to be here There is a sharp difference 
of opinion among leading gynecologists in the country regarding routine total hysterectomy 
for benign disease when the cervix is normal There is no controversy as to the desir- 
ability of routine total hysterectomy when the cervix is diseased, but with a normal 
cervix I can see no reason for the more radical operation, and I have not yet found 
m the literature a convincing argument that justifies it Moreover, I think it is dangerous 
teaching to present statistics on hysterectomies which convey the impression that total 
ablation of the uterus is a simple easy procedure that can be carried out by the average 
surgeon I have not time to expose the fallacy inherent in such statistics, nor to 
emphasize the fallacy pointed out by Doctor Foss regarding the percentage of stump 
cancers m relation to cancer of the cervix as a whole 

I prefer to utilize my time in presenting a brief summary of what I consider to be 
the most valuable recent contribution to discovery of unsuspected cancer of the cervix 
Dr R W Telmde, m collaboration with Dr G A Galvin, recently published the 
surprising results of a most important study In the clinic, a routine biopsy was taken 

1 Foss, Harold L, and Babcock, J Reed Total Abdominal Hysterectomy Surg , Gynec 
and Obst, 76, 214-227, February, IQ 43 
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from the cervix of every patient m the operating room and from many in the Out- 
Patient Department, to see in what percentage of cases there could be found early, 
but definite, malignant changes, and within a period of less than two years they have 
discovered in 16 cases the early histologic changes m the epithelium which have been 
recognized for some years by certain competent pathologists as incipient cancer These 
changes are perfectly characteristic and are easily recognized by anyone familiar with 
the histology of this aiea In these 16 cases in which these early preinvasive changes 
took place in the epithelium, the uterus was totally removed m all, and in 15, of them 
later m the laboratory, they were able by studying multiple sections to demonstrate 
definite invasion by carcinoma 

Furthermore, in a series of 300 cases in which total hysterectomy had been per- 
foimed for benign disease, 111 which carcinoma was not suspected, four cases of 

unmistakable carcinoma were found We are going to hear a great deal about this 
work I am sure, because it will undoubtedly be quoted as the final and convincing 
argument in favor of loutme total hysterectomy But I cannot subscribe to this view, 
because in all of these 16 cases the cervices were diseased , they had chronic cervicitis 
or chronic discharge or slight bleeding I have no quarrel with those ad\ocatmg routine 
total hysterectomy m these cases, because I do it myself 

In my private practice over a period of 34 years, I have seen only one case of 

carcinoma of the stump of the cervix subsequent to subtotal hysterectomy' 

I am familiar with Doctor Foss’ operation, which is somewhat similar to the 

operation I published in 1929, devised to meet the three main causes of trouble m 
performing total hystei ectomy' , namely', hemorrhage during operation and postoperatively, 
postopeiative peritonitis, and damage done to the bladder or ureters resulting in later 
fistulae I spent 18 months developing this operation with the gratifying result that 
up to the present time, in a consecutive series of something more than 200 total abdominal 
hysterectomies for benign pathology, I have not had any troublesome hemorrhage during 
operation , no postoperative hemorrhage, no urinary tract fistulae and no postoperative 
peritonitis I am, therefoie, quite satisfied with this operation I do not like the 
application of a clamp acioss the vault of the vagina nor the use of the cautery I prefer 
rather to see the entire vaginal cuff open, so that I can ligate all bleeding vessels prior to 
its closure, and I am meticulously careful to cleanse the vagina and cervix as thoroughly 
as possible prior to the celiotomy, which I do myself, m addition to routine surgical 
toilet bv an assistant 

In conclusion, permit me to say that I cannot endorse the teaching that total 
hvsterectomy is as simple as subtotal, and that I do not believe any' convincing evidence 
has been presented to justify the routine lemoval of a normal cervix when subtotal 
hystei ectomy is indicated for benign disease of the corpus 

Dr Emii Novak, Baltimore, Md I believe that Doctor Foss has given us a very 
fan appraisal of this problem which, as Doctor Richardson says, has long been a bone 
of contention among gynecologists Almost a pnou, I believe that evervone would 
concede that, if it could be done as safelv as subtotal hysterectomy, the total removal 
of the uterus would be the operation of choice The cervix serves no function after 
lemoval of the uterus, and just as good a pelvic floor can be given if it is removed Its 
ictcntion cairies with it not only the possibility of latei cancer but also of troublesome 
kukoiihea, even if such procedures as cervical cauterization are carried out From 
time to tunc I have felt obliged to enucleate a cervix which had been left in perhaps 
veats befoie, because of chronic infection and at times slight bleeding which caused 
concern as to the possibility of cancerous change 

On the other hand, to argue that total hysterectomy is always as simple and safe 
as the subtotal method appears to me to be rather absurd While often it is, one should 
not forget that the removal of a cervix which may lie deep in the pelvis and be firmlv 
fixed, carnes one into a definitely dangeious zone so far as the ureter and bladder are 
concerned Marked obesity, an unusually deep pelvis, extensive adhesions which fix 
the uteius and cervix almost immovably in the pelvis, extensive endometriosis which 
welds the uterus or cervix solidly to the lectum — these are some of the conditions 
which will influence me 111 a certain number of cases to choose the subtotal method 
To insist on doing the total operation in all cases is just as bad surgery as never to do it 
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Individualization is wise here as in every other surgical piocedurc In spite of this, 
the total operation is done m the great majority, at least 75 per cent, of all my own 
h) sterectonnes The moie fiequently one does the total operation, the easici one finds 
it to perform, and it is to be piefeired unless some definite contraindication is en- 
countered Bj the same token, the occasional operator will probably be wise to select 
the subtotal method more often than the total Were the latter attempted as a routine 
by relatively inexperienced men, it is certain that mortality and morbidity rates would 
both be increased 

To sum up, the chief factois on which the decision between total and subtotal 
hysterectomj m the individual case should be based are (1) a conscientious self-appraisal 
bj the surgeon as to his own capabilities, (2) the technical problems presented by the 
individual case, and (3) the condition of the cervix 

Finally, I may say that I am familial w ith the work alluded to by Doctor Richardson 
on very early phases ox cancer The latter, however, may be found m cervices which 
show little or no evidence of laceration, chronic cervicitis or erosion, lesions generally 
thought to ptedispose to cancer This constitutes another good leason for total hysterectomy 
as the method of choice As a matter of fact, many of the earliest cancels I have 
seen have been in cervices which showed little or no evidence of gioss clinical change 

Dr Curtis H Tvront, New Orleans, La The edited transcript was not received in 
time for publication If it is received befoie the “Transactions of the Southern Surgical 
Association” is published, it will appear therein 

Dr Harold L Foss, Danville, Pa (closing) Doctor Richardson’s figures dealing 
with studies of the cervix are interesting and the findings reported parallel those that 
have been presented at numerous times by other investigators Cervices permitted to 
remain following the removal of the bod) of the uterus may become carcinomatous in 
a certain percentage of cases but possibl) in not over one or two For this reason, if 
operative mortality, as I found it in studying the reports of many writers, is to be 
about 3 per cent for panh) sterectomy, obviously, as Doctor Richardson states, it is 
bad teaching to advocate the operation as a loutuu r, whether the lesion of the fundus 
is benign or malignant However, this was strongly advocated recently m a paper 
coming from one of our leading medical schools 

A panhvsterectoiny in a stout individual may become one of the most difficult 
operations performed within the abdomen, yet m some institutions these procedures are 
routinely turned over to residents In one large teaching institution, recently a mortality 
as low as 1 5 per cent was reported where routine panhysterectomies were carried out, 
many of the operations being performed bv assistants However, nothing was said with 
reference to morbiditv Prolonged hospital residence with delayed healing, with 
vesicovaginal and ureterovaginal fistulae aie not uncommon in this operation and yet 
the patient may recover 

Doctor Novak sums up completely my own conclusions as I have attempted to 
express them 111 the paper and that is, that panhysterectomy should be performed when 
indicated, probably in the majority of cases but, as Doctor Novak concludes, the operation 
should be performed only when it can be performed safely I thoroughly agree with 
Doctor Tyrone that the term panhysterectomy is not a good one It has crept into the 
nomenclature only to cause confusion The terms “total” and “subtotal” are better 
English and are more accurate and descriptive 
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Without qulstion the most substantial contribution which was made 
to the suigeiy of penpheial neive injuries from the material studied during 
Woild War I concerned diagnostic principles The impoitant work of Pol- 
lock, Coleman, Stookey, and otheis, established the criteria necessary to diag- 
nose divided neives by correct sensory and motor examinations and recover- 
ing lesions after repair Those basic contributions which dealt with sensory 
overlap and supplemental')' movements of muscles have never been success- 
fully challenged In fact, other data added subsequently have corroborated 
then coriectness and have only added diagnostic methods which demonstrate 
the same principles In addition, the work of Huber, and his associates, 
during World War I established certain equally important experimental and 
microscopic facts concerning the degeneration and 1 egeneration of nerve fibers 
Unfoi tunately, the lesults of surgical opeiations pei formed upon nerve 
injuries during the last wai have been a total loss as a contribution to sur- 
gical pi ogress in this field Military records were incomplete and unsatis- 
factory to begin with, and then were lost within the buieaucracy of govern- 
ment, so that a study has never been possible This, of course, is a great 
surgical tragedy because if there can evei be any justification for war it lies 
m the compilation of data from the enoimous number of injuries, to the end 
that mankind may eventually be the beneficiary It is this lack of surgical 
data concerning the results of various technics of neive repaii and types of 
suture material used during World War I which had led to the occupation 
of younger surgeons with technical matters almost to the exclusion of other 
lines of investigation in the present war 

There is an astonishing lack of agreement concerning the principles of the 
treatment of peripheial nerve injuries There are some who teach that 
peripheial neives will never regenerate even if the ends are sutured accu- 
lately togethei under the most favoiable conditions, and there are some who 
believe that the ends of a divided nerve trunk will, in some mysterious and 
serpentine-like manner, seek each other out and of then own accord form 
a union Then, there are some experimentalists, without practical surgical 
training, who have devised various types of collagen, arterial, venous, and 
metal cylinders into which the neive ends are placed so that the down- 
growing axis cylinders may be guided to a union with the distal segment 
The hope, entertained by many surgeons, that a peripheral nerve injury will 
recover spontaneously has lesulted in unjustifiable delays which have made 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 
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successful lepan impossible Finally, it has never been sufficiently appre- 
ciated that the eftector mechanisms, particularly the myoneural junctions m 
the muscles, aie the most important factois in obtaining good functional 
results after nerve suture 

In Septembei of 1942, it became necessary for the Senior Consultant m 
Neuiologic Suigery to the European Theater of Operations to formulate a 
policy for the treatment of peripheial nerve injuries which would be simple, 
could not possibly be all inclusive, and would perhaps keep the young sur- 
geons fai forwai d m the combat zone from doing too little or too much 

There are ceitam simple, surgical principles which have been gathered 
fiom cruhan and mihtaiy expenence and from the experimental laboratory 
which apply to the lepair of mjuied nerves The first, and most important, 
is that the ends of the nerve trunk should be brought into accuiate apposition 
by an end-to-end suture at the earliest possible moment following division 
This is the ideal situation which must be approached as closely as possible 
m the presence of the many factois wduch seriously interfere with its at- 
tainment 

The enoinuty of the soft tissue damage to an extremity may divert atten- 
tion fiom the divided peripheral neive just as a craniocerebral injury may 
cause one to oveilook an injury elsewdiere to the body Cleansing of the 
wound with soap and water, careful suigical excision of the w'ound and re- 
alignment of a fiacture of the bones must receive primary consideiation, but 
they must be undertaken wuth the full realization that a missed opportunity 
to repair a divided neive trunk early will result m a loss of function which 
nullifies the most accurately healed bony fragments Therefore, if it is at all 
possible, the nerve ends should be apposed and united, with the finest silk 
and the smallest needles obtainable, by an accurate end-to-end suture which 
passes through the epmeurium of the nerve and not through its substance 
If the w r ound heals by primary intention, the best possible conditions for 
regeneration of the neive have been established If suppuration occurs, the 
nerve ends are m apposition and retraction with enormous bulbous or fusiform 
neuromas upon the separated ends will not make their resection, with a 
considerable loss of nerve trunk, necessary 

If there has been a loss of nerve substance so great that the nerve ends 
cannot be approximated, or if there is a bone or joint injury which does not 
allow' the adjacent joint to be moved so that the ends can be approximated, 
or if it is surgically inadvisable to change the anatomic course of the nerve 
trunk, then it is incumbent upon the surgeon to identify the ends of the 
central and distal segments and introduce a metallic suture so that later 
secondary repair may be facilitated 

The question of whether or not a soft tissue injury can be closed after 
surgical cleansing and excision is sometimes not easily answered This, then, 
laises the question of the value of the introduction of the sulfonamide drugs 
into the wound and their oral administration to control the course and viru- 
lence of the infection The sulfonamides, or penicillin, do not and cannot 
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teplace meticulous cleansing of the wound and suigical debridement From 
experimental work which has been carried out in our laboratory upon gun- 
shot injuries to nerve trunks in animals and from the examination and sur- 
gical treatment of extensive soft-tissue wounds with nerve injuries received 
in combat dm mg the Noith African campaign by Butish and American 
soldieis, we believe that the sulfonamides properly used have a definite place 
in the treatment of such wounds and that they do not affect the regeneration 
and lepau of the divided neive 

It was recommended to the Chief Suigeon of the European Theater, that 
a sulfatlnazole water-soluble jelly be made available to front line medical 
officers so that they might introduce it into the depths and crevices of an 
extensive soft-tissue extremity wound immediately upon its receipt Fol- 
lowing surgical cleansing and accurate debridement, the additional use of the 
sulfonamide powders*or jellies wall, in our opinion, make it possible to suture 
the divided neive with gieatei safety fiom the effects of a suppurating wound 
Fiom our expenence with extensive soft-tissue wounds with fractures of the 
long bones in which the nerve was not sutured at the time of the first definite 
suigical treatment, or was ignored, it became evident that such a healed 
wound, even though primal lly infected, could be reopened, the nerve could 
be sutuied and the wound closed without lighting up latent bacteria, within a 
much shorter interval of time, providing the sulfonamides were used locally 
m the wound at the time of the secondary operation and the sulfonamide 
blood level was adequate This insurance was doubled if the sulfonamides 
had been used also at the time of mjuiy and surgical debridement 

This free use of the sulfonamide diugs does not mean that we favor their 
use in every soft-tissue wound because w r e, also, believe that up to six hours, 
at least, after the receipt of a wound, it can be mechanically cleansed and 
surgically excised, the nerve sutured, the wound closed and primary union 
obtained It does mean, however, that as a result of extensne experimental 
work we believe that although the local use of the sulfonamides may be fol- 
lowed by thin, silvery adhesions about the neive trunk, and particularly at 
the line of suture, theie is no definite demonstrable histologic evidence of 
interference with nerve axon regeneration 

As a mattei of fact, theie is reason to believe that the bugbear of the 
deleterious effects of infection upon the regeneration of nerve fibers is not 
as great as the habits of thought have led us to state We have evidence to 
show that regenerating nerve fibers aie not as vulnerable to infection as has 
been supposed This is probably due to the inherent protective function of 
the perineurium against infection We have seen histologic evidence of 
normal legeneratmg axons in the presence of suppuration which has affected 
the epmeurium and the surrounding muscles or tendons If, how'ever, infec- 
tion attacks the nerve fascicles, that is, if it exists within the perineurium 
regenerating nerve fibers have never been seen to penetrate the area of 
leukocytic infiltration Piactically, then, this means that unless infection of 
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the exposed ner^e fascicles in the seveied ends of the neive ti unks exists, 
infection of the nei ve bed or inflammation of the epineunum will not intei fere 
with the down-gi owth of neui axons into the distal segment 

We have also shown, foi the fiist time, the damage which occurs to the 
nerve tiunks, both above and below the site of mjuiy, by the concussive effect 
of a gunshot wound even though the nerve trunk has not been anatomically 
intei mpted The myelin sheaths bieak down in a similar mannei, but to a 
gieatei degiee, than is seen following the sharp 
seveiance of a neive Theie is moleculai de- 
composition of the myelin, with localized edema, 
a piocess best called neciobiotic, and entirely dif- 
feient from secondaiy, or wallenan, degeneiation 
This neciobiosis occuis under conditions which 
have one factoi in common — the damage to the 
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myelin sheaths m combination with apparent 
damage to the Schwann cells, with sui vival of the 
mesodeimal endoneuial elements The damage 
to the Schwann cells seems to concern chiefly 
then piohferatmg decomposition activities They 
are not destroyed m nnldei tiaumatic damage 
where axis cyhndeis aie seen to suivive the 
deniyehmzation They enter into action in later 
nerve fiber regeneration and remyehnization, but 
fail to digest the myelm 

Preceding nerve fiber regeneration, stimula- 
tion of the mesodermal cells by the non-fatty 
myelin decomposition pioducts is very clearly 
seen and leads, wherever the traumatic lesion has 
reached a certain seventy, to a confusion of the 
original endoneural structure and, by necessity, to a bewildering and irregular 
overproduction of regeneiatmg neive fibers A heteromorphous nerve struc- 
ture results At a period when the neurotization is already well advanced, the 
myelm detritus can still be seen between the endoneuial tubes and fibeis 
Degrees of structural damage in such contused nerves may be found The 
nerve with the slightest damage may show very little axis cylinder degenera- 
tion and for this reason only a relatively short tiansient disturbance of func- 
tion , whereas, in a severe contusion even without any visible macroscopic 
nerve lesion, a complete wallerian degeneration of some or all nerve branches 
m combination with the heteromorphous type of endoneuial proliferation and 
neurotization will be accompanied by a clinical picture similar to that produced 




Fig i — Sciatic nerve of cat 30 
daj s follow mg in end to end suture 
The thin spider like adhesions which 
follow the use of the sulfonamide 
powders introduced into the wound 
are illustrated 


by section of a nerve 

Nerve contusion may interrupt the continuity of the perineurium of nerve 
fascicles This leads to a herniation of regenerating nerve fibers into the 
epineunum and the formation of traumatic neuromas Again, the primary 
endoneural fibroblastic prolif eiation through the perineural gap lesults m the 
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sprouting of legeneratmg nerve fibers into the epineurium These fibers are 
lost for the neurotization of the degenerating part of the nerve distal to the 
mjuiy These obseivations explain why some nerve contusions are followed 
by hardly any, or only limited, mtenuption of motoi and sensory functions, 
wheieas, in other cases contusion leads to complete paralysis and often only 
imperfect return of function 

A nerve trunk completely seveied by a bullet differs greatly in its his- 
tologic aspects fiom a shaiply sectioned nerve The traumatic destruction is 
much more seveie and extends central ward in the proximal segment not just 
a few millimeteis but, very frequently, several centimeters This same effect 
may be seen leaching just as far distally in the distal segment of the damaged 



Tig 2 — Photonucrognpli of section of the distil segment of a nerve following end to end 
suture Sulfidn7ine was used localh in the wound There is some thickening of the peri 
neurium and subperincuril edema The latter is entire!) inside the perineurium and does not 
penetrate between the regenerating nerve fibers Regeneration was as good close to the edema 
as at a distance (Bodian fuclisin stain, X85) 


nerve The effect on regeneration manifests itself in the heteromorphous 
type of organization and neuiotization of the entire traumatized area 

The most difficult surgical problem, however, concerns the treatment of 
those nerve mj lines in which there has been a loss of continuity in tbe nerve 
trunk so large as to preclude an end-to-end apposition under any circum- 
stances The use of various types of nerve grafts, the fixation of joints and 
the transplantation of tendons have been advocated in the tieatment of these 
injuries, some of which are preventable if the coirect surgical treatment is 
employed when the patient is first examined There is lesistance and opposi- 
tion to the use of nerve giafts on the part of some surgeons who observed 
their use during the last War It must be said, however, that grafts were 
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not used propeily at that time, noi weie the results of their use ever evaluated, 
so that this total opposition is unwarranted As a matter of fact, the experi- 
mental work of Huber, and his associates, and our own lecent animal inves- 
tigations upon nerve giafts are of sufficient promise to make it mandatoiy 
that the pioblem be settled once and for all upon the many seveie neive in- 
juries which aie present in many Ai my general hospitals today 
Cable giafts, m which many 
strands of small neives aie used to 
unite the cential and distal segments 
of a nerve tiunk, we believe are 
doomed to failuie because of the tech- 
nical difficulties of sutui e, but also be- 
cause regenerating neive axons do not 
reach the distal segment mei a tiellis 
of small nerve trunks The mci eased 
amount of epmeunum and the scat 
tissue which develops between each 
neue trunk constituting the cable 
greatly intei fei e w ith the 1 egenei a- 
tion of neue fibeis by mci easing the 
mesodermal bai neis m then path- 
way Fixed giafts of any kind, le- 
gardless of the material 01 the method 
of fixation, aie total experimental 
failuies, and the 27 human cases 111 
which Soviet suigeons have used 
such grafts aie absolutely inconclusive 
clinically and histologically The most 
faiorable type of giaft to use is eithei 
an autogenous or an homogenous , fter r " pl |- 
nerve trunk of equal size to the di~ <h}S affer ‘^plantation 
vided nerve Such autogenous giafts aie impossible to obtain except m those 
instances, for example, m which all of the nerves to an upper extiennty except 
the radial have been severed with a large loss of nei ve trunk substance Undei 
such circumstances, it is entnely justifiable to saciffice the ulnai nerve as an 
autogenous graft into the median m an attempt to regain sensoiy and motor 
function in the first fingei and thumb It is the homogenous type of graft 
which is most applicable, particulaily in Army geneial hospitals which are 
amputation as wHl as neurosuigical centers 

The use of nerve graft banks is m a state of development They involve 
elaborate pieparations for fieezmg, drying, dehydrating and cold stoiage 
which must be made practical Fiom our experimental coi roboration of 
Huber’s woik and from tw'o patients operated upon m ciwhan piactice, w r e 
believe that fresh homogenous giafts equal in size to the injured nerve 
should be used to repair large continuity defects m neive ti links Depending 
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Tig 6 



Fig 7 

Tig 6 — Photomicrograph of the central segment of a nerve sin davs following a gunshot 
contusion There is a destructive reaction of the axis cvlmders some of which are swollen 
and disintegrated There is a large amount of detritus and edema between the endoneural 
sheaths One nerve fiber shows a well preserved axis cjlinder surrounded bv a swollen and 
partlv vacuolated mjelm sheath In other portions mjelm sheaths are more or less completelv 
destrojcd General cellular proliferation of the endoneural cells and an accumulation of 
histiocjtic elements within the detritus is seen There is a beginning proliferation of Schwann 
cells Nerve fiber regeneration is visible m the center (Bodian fuchsin stain, '/ 450) 

Fig 7 — Photomicrograph of distal segment of a nerve sin davs after gunshot contusion 
The tvpical aspect of secondarv degeneration is seen with the remainders of broken down axis 
cylinders, severely degenerated nivehn sheaths with mjelm globules small and large vacuoles 
and beginning cellular reaction Comparison with Tigure 6 shows the difference between a 
traumatic and a secondarv degeneration (Bodian fuchsin, / 450) 
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evidence of two cases from civilian life would support such a step The 
use of autologous plasma sutuie methods to unite the central and distal seg- 
ments of the nei ve to the graft should receive careful clinical and experimental 
evaluation Theoietically, the absence of any tension should make this suture 
technic an ideal choice 



1 ig b — Pliotonuci om apb of in infected eml to cud ni.r\e suture iftcr 14 dns 
Kcgencnting ner\c fillers nm lie seen crossing the suture line slid following the pith 
of outgrowing fibroblasts sud collagenous fibers There is an abscess on the periphery 
(Bodnn fuchsm stain, x 390) 


The distal sutuie line of a giaft is always largei than the pioMinal suture 
line and it is largei m an homogenous graft than m an autogenous graft 
It is the lesult of the endoneural and permeuial mesodeimal proliferation 
which unites the seveied neive ends to the graft In our experiments 
homogenous grafts, even moie than autogenous giafts, always appeared 
tlnckei at the time of removal than at the tune of tiansplantation This 
mciease m sue is closely i elated to the amount of piolifeiated mesodermal 
tissue within and aiound the graft and also to the structure of the graft 
itself Moie and densei adhesions aie piesent around the homogenous grafts 
because there is also a more pionounced penneural and epmeural mesodermal 
piolifeiation, but these adhesions carry blood vessels to the epmeunum of 
the graft, the neive segment and to the sutuie line The viability of the graft 
is wholly dependent upon its vascularization from the surrounding tissues 
and, theiefoie, any structuie placed around the giaft such as a tantalum or 

694 



Volumo 121 
dumber 5 


GRafts w NERve 


^Juries 



^ „ »• : - 1 

9 « SMipS? '■» e„„ eu 

,°. .'S™ „»« ^sysp’if jnfecw „„ le "° ” aj *»«"« !™V«„ »» ™.« 

ll fera ti0 ,f r °'' ,n S- at a r i| ht an£f 0,,fer a‘«on and ?nfl Uture show,,,* r! Grounding- 

Sap bet "een the ccntrT^’ 
entr al anrf 



DAVIS, PERRET AND CARROLL Annai. ot s urEW 

’ M a y 1 9 4 5 

collagen cuff will prevent the growth of vessels into the graft and to that 
degree will interfere with the success of the tiansplant 

Regeneiating nerve fibers, preceded by Schwann cells, follow the path of 
pi ohferatmg histiocytes, be it in the granulation tissue that fills the gap 
between the central and distal segments at the suture line, m the pioliferat- 
mg endoneural sheaths of the degeneiatmg distal neive segment, the degen- 
eiated oi neciotic graft, oi wheievei histiocytic proliferation takes place 
Autogenous giafts are characterized by a predominantly isomorphous struc- 
ture, that is one in which the ongmal neurilemma structure is preserved 
The majonty of homogenous giafts show a heteromorphous structure, due 
to destiuction of the ongmal giaft stiuctme which follows the necrosis of the 
ectodeimal and endoneuial elements aftei transplantation Neurotization of 
autogenous giafts is piedommantly legulat and paiallel to the giaft structure 
while m homogenous giafts the legeneratmg nene fibers follow an irregular 
and deviating couise How'ever, despite the laige amount of legeneratmg 
nerve fibers lost m the epmeuimm of the suture lines and in the grafts of 
heteiomoiphous stiuctuie, the distal nerve segment often show's a satisfactory 
neurotization 

All opeiations foi the lepair of penpheial nerve injuries must be judged 
upon the basis of sound clinical examination for sensory and motoi recovery, 
which appieciates the occurience of overlap of sensation from adjacent un~ 
injuied nenes into the anatomic aiea of supply of the injured nerve and the 
development of supplemental y muscle movements In othei w'ords, recovery 
of function aftei nerve repair must be based upon the return of pm prick 
sensation m the isolated area of supply foi pm prick of the mjmed nerve, 
and upon the patient’s ability to perfoim muscular movements which are 
dependent upon muscles supplied only by the injured nerve Strict adherence 
to these criteria wall pi event repoi ts of recovery of function after nerve repair 
which are either inaccurate or false 

Clinical and expeumental observations w'auant the statement that the 
opeiation of choice for the repau of an injured penpheral nerve in man, w'here 
dnect end-to-end suture cannot be performed, is the transplantation of a 
neive graft The most satisf actor}' results can be expected fiom the use of 
a fiesh autogenous graft of equal size to the injured nerve but if this is 
impossible to realize, the use of a fiesh homogenous nerve tiansplant is 
justified Finally, careful clinical studies befoie and after operation should 
be made upon the patients m whom such giafts aie employed so that then- 
value m man can be fully determined 

Discussion — Dr John Staige Davis, Baltimore, Md I would like to ask what 
is the greatest length of nerve graft Doctor Davis has been successful with 

Lt Col Miciiaei E DeBakey, Washington D C I want to comment on one 
aspect of the subject referred to by Doctor Davis, that is the wasted knowledge concerning 
methods of treatment of peripheral nerve injuries in the last war Recognizing the 
importance of this problem, the Surgeon-General has established a peripheral nerve 
injury registry for the purpose of evaluating the relative efficacy of different methods 
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of therapy as piomptly as possible It is believed that this piocedure will provide valuable 
information long needed on the subject of penpheral nerve injury repair 

Dr Claude C Coleman, Richmond, Va I do not know of anything to disagree 
with in Doctor Davis’ paper I should like to say that Doctor Davis is one of the few 
men who kept up his interest in surgery of peripheral nerves between World War I 
and the present conflict The lessons learned from the vast material of World Wai I 
m plastic surgery and other types of war surgery were subsequently applied in 
civilian practice, but peripheral nerve surgery received very little attention m the 
literature for two decades following World War I As a result, it seems to me that 
these mj lines have been very badly handled in civilian life For instance, I think most 
of us have seen ulnar and median nerves sutured to the tendons at the wrist joint 
This so-called “minor” operation of suturing neives, after what is a very serious 
injury, should require tire services of an expert surgeon and should not be entrusted to 
those not familiar with nerte surgeij 

I want to emphasize one thing, that is, that out of the vast material of World War I 
we got practically no information insofar as the results of surgery were concerned I was 
very actively engaged m nerve surgery of World War I, and I know nothing of what 
finally happened to these patients with nerve injuries Occasionally, I examined one of 
the patients in Richmond but, as a whole, this vast material was not carefully studied 
for end-results In this war, I think we all hope that there will be established criteria 
of recovery for every individual nerie If we do this, and the cases are followed foi 
three, four or five years after operation, we will then have the information we should 
have had following the last war I am glad to know that steps have been taken to 
bring about a competent follow-up in nerve injury cases We are in a different position 
in this war We entered the war with a large number of surgeons trained m nerve 
surgery and we ought to get the maximum benefit from this experience 

There are certain inherent obstacles to complete success m nerve surgery Some of 
these obstacles have been removed since World War I through better surgery and chemo- 
therapy At that time operations frequently had to be postponed because of persisting 
infection This delay permitted the development of crippling sequelae from denervation, 
such as periarticular fibrosis and marked muscle atrophy By supplementing adequate 
surgical treatment with chemotherapy, divided nerves can be repaired early, and earh 
suture of peripheral nerves is always desirable 

Dr Joseph E J King, New York, N Y First, I want to thank Doctoi Davis 
for this splendid paper, and m the same breath I would like to get after Doctor Coleman 
for his verj modest attitude about the work he did during World War I, and should like 
to say of Doctor Frazier, and his staff, that the records were splendid and the work was 
good All the books and monographs I hare seen on nerve surgery contain no better 
sensory diagrams than those made by Baird, Buerki, Kennedy, Anderson, and others 
The records they kept after suture, both in our department and m the physical therapv 
department, were complete m detail That they may be buried undei much bureaucratic 
dust I will agree, but that they were good I will asseit These records should be 
reviewed together with those found later in the V eterans’ Bureau in order to learn about 
the results obtained 

I have been told by Foerster, Coleman, Frazier, and others (and it is my own 
experience and that of younger men today) that the best results to be expected from 
peripheral nerve surgery are m cases of accurate approximation of the ends with the 
least degree of rotation possible, without tension, and with good approximation of the 
ends with a very fine suture, and if the nerve suture is not done under these circumstances, 
a lather poor result can be expected I have never heard of a perfect result in suture 
of a divided nerve I doubt seriously that, if you divided a nerve and immediately resutured 
it, you would have a perfect recoveiy Hov, ever, we should attempt to attain good, 
if not perfect, results 

We were at a tremendous disadvantage in the last war in having patients come 
late after injury Transportation was slow, the infected cases were many, and it took 
considerable time to clean up the infection Therefore, our sutures were accomplished 
much later Nevertheless, some good results followed nerve suture, even under these 
circumstances I was consultant to the Veterans’ Bureau for 15 years after the war 
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and I saw a great many of these patients who had been operated upon by various 
men Some of the results were pretty good, not perfect, but fairly good I was able 
to follow up only five cases of nerve graft, and all I saw were failures All were trellis- 
grafts placed in poor tissue — there was nothing else to be done — and all were failures 
The subject of Doctor Davis’ paper, the use of nerve transplants if thev can be preserved 
and obtained from stock bottles, should offct some likelihood that good results mav be 
obtained But if trellis-grafts have to be used I think thev will prove to be failures 

Dr J Albi rt Klv, St Louis, Mo I enjoyed this paper and am particularly interested 
that the fetish that the peripheral nerves are especially susceptible to infection has been 
quelled It is my impression that they have stood up under infection very well I think 
there is a marked tendency to put the bone lesion first, feeling that we must get the 
infection in the bone cleaned up before the nerve is sutured Tins is a mistake In some 
cases nerve suture should take precedence over the infection of bone If the patient 
cannot use the hand it does not make much difference whether you get union or not 

I am glad to know that Doctor Davis has not thrown the sulfunamides out of the 
window There is no question in my mmd hut that, if intelligently used, they will 
improve surgery We cannot eliminate chronic infection m bone until we have excised 
it, but we can subdue it to a point where we can operate with impunity m the vicinitv 
and avoid a late, usually futile nerve operation in dense scar tissue Where you are 
going to transplant a nerve you can do the proximal suture first and let regeneration 
start, and suture the distal end of the graft to the distal end of the nerve at some 
later date 

Col E D Churchill, Boston, Mass Surgeons in an overseas theater are acutely 
aware of the difficult problem in peripheral nerve reconstruction that are being returned 
to the United States I can only assure you that we have not been complacent about 
the matter, and many conferences have been held in an attempt to find a solution At 
the present time the policy relating to the surgical management of anatomic severance of 
a nerve is as follows (i) The forward surgeon at the time of the initial debridement 
makes a careful record of the injuij as he observes it Preoperative appraisal of nerve 
injury is notoriously difficult and inexact m patients with multiple wounds, particularly 
if they are suffering from shock The most precise information comes from anatomic ob- 
servations at operation Here again, it may not be desirable to embark upon a painstaking 
dissection with extension of the field of operation beyond the zone of devitalized tissues 
(2) Dusting of the wound with sulfonamide may be omitted — certainly in the area of the 
nerve trunk (3) Exposed nerves are covered with muscle so that the dry fine-mesh gauze 
used as a filler is not in contact with the nerve Vasehned gauze is not recommended (4) 
The joints above and below the point of injury arc immobilized to minimize retraction of the 
nerve (5) A firm pressure dressing supported by a plaster of pans shell is designed to re- 
duce wound exudation (6) Penicillin therapy is maintained by the systemic route (7) On 
reaching a general hospital the original dressing is removed under aseptic precautions 
in the operating room This usually is possible on or shortly after the fourth dav after 
injury The depths of the wound are revisioned and the nerve injury reassessed Elec- 
trical tests mav be made if desired Oftentimes a more deliberate examination will 
correct or supplement the initial notes made in the forward area Appraisal at this time 
is based on the ultimate functional restoiation of the extremity, taking into consideration 
muscle damage and bone or joint lesions in relation to the nerve injury Piocedures such 
as muscle suture or even shoitening of the limb by removal of devitalized comminuted 
bone fragments may be carried out at this time The divided ends of the nerves may 
be approximated by a single fixation suture The wound is closed if sepsis is not present, 
or if further excision of sequestrating tissue adequately prepares the wound for 
closure Closuie of the skin may be further staged, or if a large skin defect exists, 
a skm graft is applied at once 01 as a staged procedure (8) When first intention healing 
has been secured — and this results in 80 to 95 per cent of cases — formal suture of the 
nerve is undertaken This should be feasible in many cases during the third or fourth 
week after injury 

Throughout the course of reparative surgery, the patient is protected from the 
hazards of invasive infection bv systemic penicillin therapy We do not consider that 
the local usage of sulfonamides contributes to the success of the program and, until 
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further evidence of its efficacy is presented, choose to use penicillin by the intramuscular 
route rather than as a topical application 

During the staged operations of a program of reparatne surgery, the red cell 
volume of the patient must be kept at normal levels by repeated whole blood transfusions 

Dr Loyal Davis, Chicago, 111 (closing) As stated m my papei, I haie had the 
opportunity in civilian practice of performing three nerve grafts , one autogenous and two 
homogenous grafts In answer to Doctor Davis’ question, the longest graft we have 
used measures fi\e inches, and has been in place for eight years All these grafts 
remained viable, and the most successful has been the autogenous giaft, which we would 
expect from our experiments 

I am aware of the Surgeon-General’s attempts to have patients with peripheral 
ner\e lesions followed for a long period after repan As a matter of fact, this w T as 
suggested m a memo written as Senior Consultant m Neurological Surgery m the 
European Theater of Operations, and I am delighted to learn that it has been put into 
effect, as Doctor DeBakev has indicated I think, however, it is necessary to go further 
and say that, when patients are discharged to the Veterans’ Administration their com- 
pensation depends in part upon their willingness to return at designated intervals for 
examination b> competent individuals 

As I hare stated before, I had the opportunity of seeing soft-tissue wounds of the 
extremities complicated bj peripheial nerve injuries among British and American 
soldiers m North Africa after they had been returned to England All these W'ounds 
were weeks or months old and had not been closed primarily The wounds had either 
suppurated or had been potentially infected , some had received sulfonamide at the 
time of injury some had not The point I wish to make is that w'e were able to open 
those wounds, suture the nerve earlier, than we had ever dared m the past Sulfonamides 
were used at the time the wounds were reopened and the w'ound sutured, but, inasmuch, 
as good surgical technic w'as also used it is not clear w'here the ciedit belongs The 
point again, is that nerve injuries must be sutured early because atiophy of muscles, 
fibrosis of joints and tendons will occur to such an extent that even a nerve sutured 
end-to-end will not be successful because the end-organs, that is, the effector mechanism, 
cannot function 

We forget that a nene will regenerate under the most unfavoiablc conditions, so 
that it is not a problem of regeneration of fibers so much as it is a problem of re- 
cnenation of the muscles to which the nerve grows It is the end-organ which is 
important Splinting and massage help to keep the effective mechanisms in good condi- 
tion, but without union of the nene ends functional results cannot be obtained 

It is illogical and completely unsurgical to recommend a delayed peripheral nerve 
suture This does not mean that under the terrific conditions of battle one must suture 
a nerve in an unsuitable emironment, or under unsurgical conditions It means only 
that those cases should be evacuated as rapidly as possible to a hospital and to a surgeon 
who is capable and has the facilities available for performing nerve repair Any policy 
which does not make use of this fundamental process of< joining nerve ends together 
at the earliest possible moment is surgically unsound Delay also increases the neuroma 
formation upon the cut ends of divided nerve and results in a loss of nerve continuity 
This may make it impossible to obtain an end-to-end suture, by any surgical procedure, 
wffiich is the ideal method of repair It may then become necessan to use nerve grafts 
and joint operations, which cannot hope to produce results that approach the return 
of innervation to the muscles supplied by the divided nerve 

As I stated, w'e are not among those wffio believe that the sulfonamides or anv 
other chemotherapeutic agent should be used in all w'ounds Thev will not replace 
surgical treatment We have shown, however, that, m our opinion, their use does not 
interfere with the regeneration of nerve fibers The policy of suturing peripheral nerves 
as early as possible has been justified, I understand, from the large number wffiich w’ere 
sutured within a few' days after injury following the invasion of Normandy If the young 
medical officers far forward are not sufficiently w'ell acquainted with proper methods 
of treating soft-tissue wounds accompanied by peripheral nerve injuries, that is all the 
more reason wffiy there should be a Consultant in Neurosurgery uffio is mobile enough to 
see these men and give advice, and help them with their problems 
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This communication is an abbreviated account of some work earned 
out m the Tissue Culture Laboi atones m the Tohns Hopkins Hospital and 
the Carnegie Institution A full and carefully piepared report is in piepara- 
tion and Mill be published by Gey and Ge> 

Dui mg the souice of experiments lequmng the continuous cultuie of 
lat mesenchyme, some of the noimal cells became permanently altered The 
chaiacteiistics of the altered cells led the observeis to suspect that the 
cells had undeigone malignant ti ansformation This alteiation has occurred 
on thiee occasions In tno of these three instances the actual transforma- 
tion Mas not observed at its inception, but on the third instance some of 
the eaihest stages in the transformation Mere obsened and lecorded 
photogi aphically 

The ongmal tissue fiom which the cultuies Meie started Mas obtained 
fiom a noimal adult rat of the Philadelphia Albino strain This strain has 
a vety low incidence of tumors A bit of subcutaneous areolar tissue was 
used foi the primary explanation Not all of the strains derived from this 
tissue have become altered, in fact, the oldest unalteied substrain is nou T 
ovei six years old and continues to reproduce with uneirmg accuract cells 
that aie moiphologically the same 

The fii st alteiation that occuried was noticed four months aftei the 
explantation of the subcutaneous areolar tissue This deviation from the 
noimal was the occunence of many cells dividing in an abnormal manner 
Not only did one see many tripolar mitotic figuies, but also occasional tetra- 
polai ones Over a period of Meeks the pioportion of abnoimally dniding 
cells to noimal ones steadily increased Latei changes in the sire and 
shape of the cells and variations in the rate of cell division Mere observed 
These changes gave rise to the suspicion that the cells had become 
malignant To test this hypothesis, young healthy rats Mere inoculated 
with altered cells, and a very cellular saicoma developed at the sites of 
the inoculations These tumois weie transplanted into other rats and 
pioduced invasive neoplasms which occasionally metastasized Tissue 
cultures derived from these tumors usually grew 7 rapidly The cells in 
cultuie boie some resemblance to, but were not identical watli, the altered 
cells which were first inoculated In addition to the tumor derived from 
the initial inoculation, a number of other tumors Mere obtained by the 

♦Read before the Fifty -sixth Annual Session of the Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Va 

T Aided by a grant-m-aid from Sharp and Dohme 
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periodic inoculation of subcultuies of the altered cells The cytologic 
appeal ance and behavior of these tumois differ widely fiom each othei 
and fiom the oiigmal tumoi 

The thud instance of alteration of the lat fibroblasts occuned ovei 
two years after the explantation of the subcutaneous aieolai tissue This 
alteiation when first seen in the living tissue cultuie consisted of the 
presence of rounded cells amid delicate sheets of fusifoim fibi oblasts A 
liquefaction of the medium occui red whenevei the 1 ounded cells w ei e pi esent 
m laige numbeis With piolonged cultivation the new cells mci eased lapidly 
m number, and abnoi mal mitoses were seen in these areas A sti iking change 
took place in the nuclei of many cells At first the newl} alteied cells 
showed nuclei that were slightly largei than those of the cells of oiigm 
Later the nuclei became irregulai in outline, very granular, and m stained 
preparations the altered nuclei were hyperchromatic These changes, how evei , 
were not uniform, but in a single piepaiation one could see nuclei that 
varied greatly in form and size Another evidence of alteration that became 
apparent w r as the change that occuned in the cohesion between the cells 
making up a colony The normal fibi oblasts pioduced colonies that showed 
lather marked cohesion, wdiereas the alteied cells seemed to digest the 
surrounding medium and this resulted in loss of cohesion Finally, the 
colonies of altered cells grew' moie rapidly than those of the paient stiain 
The changes just descnbed w r ere shown to be coincident with the develop- 
ment of malignant chaiactenstics, for wheie colonies of altered and unalteied 
cells w'ere inoculated into rats the formei produced saicomata at the site 
of inoculation, the latter never did so 

In every carefully planned expenment one always sets up adequate 
controls, but it is not possible to do so w r hen the variables are still unknowm 
It is noteworthy, how'ever, that some of the cells of the original explant have 
continued for six years to divide m an orderly manner and continue to 
produce cells that are moiphologically and culturally identical with the 
oiigmal fibroblasts 

The possible explanations of the foregoing observations aie seveial 
Throughout the course of these experiments theie were seveial stiains of 
malignant cells being maintained m continuous cultuie in the laboratory 
It might be conceivable that some of these malignant cells had contaminated 
the colonies of fibroblasts That such contamination should occur three 
times with intervals of months, and ahvays affect the subcultures of the same 
strain, is highly improbable Furthermore, the appearance of the tumoi 
cells of the alteied strains is totally unlike any other cells seen in the 
laboratory These differences in appearance w'ere cleaih brought out when 
mixed cultures of the existing malignant stiains and the altered cells weie 
prepared Deliberate tieatment of some of the normal rat fibi oblasts 
with the cell-free filtiates of the cultuie medium maintaining other tumor 
strains growing in the laboratory did not evoke any permanent alteration 
m the fibroblasts 
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It is well known that madiation of normal tissue in vivo sometimes 
results in malignant tiansformation of the burned tissues At the time of 
the occurience of the first two alteiations an experiment was being carried 
on in the laboiatory to study the toleiance of certain cells to gamma irradiation 
The ladium was well shielded with lead, and the amount of stray radiation 
leceived by the cells was between 40 and 200 times the total natural earth 
radiation backgiound We know fiom othei experiments in which several 
strains of noimal lat fibi oblasts were exposed continually to far greater 
doses of gamma rays that no permanent changes occurred A stronger 
aigument against the suggestion that stray gamma irradiation provoked 
the conveision of the normal into malignant ones is the fact that the third 
instance of this conveision took place several months aftei the experiment 
with radium terminated Anothei agent capable of bringing about malig- 
nant changes in cells is one of the carcinogenic hydrocaibons such as methyl 
cholanthiene During the occuirence of the alterations which foim the sub- 
ject of this communication theie was no known contamination with any of 
the isolated caicinogenic compounds 

The medium in which the cells weie giown was entuely heterologous 
except for a few passages at the time of the fust explantation from the rat 
In these few instances 10 pei cent rat serum was added to the culture medium, 
but at all times thereaftei the medium had the following composition 10 per 
cent balanced salt solution, 10 pei cent bovine embryo extract, 40 per cent 
human placental cord serum, and 40 pei cent chicken plasma It is true that 
such a medium is exceedingly lich in giowth-stimulating hoimones, but 
other stiains of cells have been maintained m continual contact with media 
of this composition for ovei ten yeais and have not shown the tians- 
foimation recoided in this papei 

Finally, a causative agent that might be suspected is the chance occur- 
rence of a virus-like body To test this hypothesis cell-free filtrates of the 
culture medium in which the alteration was occurring were added to the 
medium in which normal fibi oblasts of the parent strain were growing but 
no mutation lesulted Similarly, cell-free filtiates of medium m which 
tumor cells had grown were used with negative lesults These experiments, 
howevei, do not preclude the piesence of a vnus-like substance for it is 
possible that such an agent after entering or developing within a single cell 
might remain intracellular and be passed on to succeeding generations of 
cells at the time of division Experiments are now in progiess which were 
designed to test this possibility 

Among the many interesting speculations evoked by the observations 
lecoided in this papei is one which we have attempted to study The 
question arises what effect, if any, does a malignant cell have upon adjacent 
benign cells A method has been devised by Doctor Gey for the isolation, 
without serious trauma, of a single malignant cell Such cells have been 
tiansfeired to culture media alongside normal fibroblasts The division 
and subsequent multiplication of the malignant cell has been photogiaphically 
lecoided, and a tumoi stiam has been derived from such a single cell In 
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the preliminary experiments, however, there was no discernible effect upon 
the fibi oblasts 


SUMMARY 

A brief account is given of the transformation of seemingly normal rat 
fibroblasts into several strains of malignant cells These conversions are 
permanent and are characterized by changes 

1 In the morphology of the cells , 

2 In the pattern of cellular division, 

3 In cultural characteristics of the colonies 

That these changes were evidences of the fibi oblasts having become malig- 
nant was shown by the inoculation of altered cells into lats and the subse- 
quent pioduction of seveial different types of malignant tumors Some 
possible explanations for the occuirence of these changes are considered, 
but the actual demonstiation of a single causative factor is lacking 

Discussion — Dr J Shelton Horsley, Richmond, Va This paper and demonstra- 
tion is very interesting and thrilling The cause of cancer with the changes between 
benign and malignant cells is a problem that has been studied in many laboratories 
According to Ewing, the occurrence of cancer involves two factors One is what he 
termed the causal genesis of cancel and has to do with the inciting factors leading to 
the deielopment of malignancy The other is the foimal genesis which has to do with 
the factors responsible for the cancer cell and its unlimited capacity for growth Many 
agents are involved in the causal genesis of cancer, but they may be considered as 
only starting a series of tissue changes or conditions which tend to turn into malignancy 

There are, of course, many things that seem to constitute either the causal genesis 
or the formal genesis for the conversion of normal cells into cancel cells Aside from 
the carcinogenic chemicals and irradiation, estrogenic products and the milk factor 
are particularly interesting It has been known for some years that in mice and even 
in rats cancer of the breast could be produced by giving excessive amounts of estrin 
products, and though this has not been definitely proved in humans, there are reported 
cases which strongly suggest that this sometimes happens in women 

In the milk factor which has been demonstrated quite clearly m mice, a newborn 
litter of mice from a high mammary cancer strain if nursed by a foster mother of 
low mammary cancer strain immediately after birth will develop cancer of the breast 
infrequently, following the attributes of the foster mother Whereas, if a litter of mice 
from a low cancer strain is taken immediately after birth to a foster mother of high 
cancer strain, this litter will develop cancer of the breast in a high percentage of cases, 
behaving just as would a litter of the high cancer strain if nursed by the natural mother 
Just what is the mechanism of this has not been definitely determined It may be that all 
carcinogenic factors, as in the very beautiful culture experiments shown by Doctor Firor, 
tend to remove the inhibitory properties of the normal cells 

An observation of C C Little which appeared in the Journal of the A M A of 
May 13, 1944, is an intriguing speculation According to Little, the carcinogenic influences 
are not dependent upon stimulation of normal cells to new growth, but upon removal of 
inhibitory influences The normal cell is kept in its place by some influences that control 
it, but the carcinogenic influence removes these inhibitions and the cell then reverts to 
its original primeval type, somewhat like the amoeba, and grows without any restraints 
In other words, the carcinogenic agents act by removing the restraints acquired during 
the process of evolution and civilization of the cells, and they then ran wild as they 
would without these inhibitions — this constitutes malignancy 

Dr Alfred Blalock, Baltimore, Md Doctor Firor with his usual modesty claims 
very little credit for this work Without attempting to discuss the interesting findings 
which have been related, I would simply like to say that Doctor Firor is m charge of the 
Division of Cellular Pathology in the Department of Surgery at Hopkins, and the staff, 
as well as the medical students, receive a great deal of benefit from following the 
important and fundamental work which is being performed 
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MUCOID DISEASE OF THE APPENDIX* 

George H Bench, M D 

CoLmniiA, S C 

As rur vlsjigiae remains of an ancestial colon and of similar structuie 
the vermifoim appendix, with the notable exception of primary malignancy, 
is subject to the common diseases of the colon The nature and the course 
of disease, howevei, ate affected by the size, shape and position of the 
appendix, by the blood supply which is teimmal, and by stasis which is a 
natuial state Chronic obstiuction of the lumen with retention of its 
contents produces moibid changes in the anatomy and in the physiology of 
the appendix which, with their complications, are known as mucoid disease 
Because of its chiomcity and compaiatne raiitv this condition has not 
leceived the attention that it meats 

In the stomach mucus is a protective mechanism, in the colon it is an 
agent foi the lubrication of feces that become solid from loss of water by 
absoiption In both the colon and the appendix mucus is secreted by 
columnar cells lining simple tubulai glands m the mucosa Spastic colon, 1S 
so-called mucous colitis, is a disease caused by a disturbance of the vegetative 
01 autonomic nervous system that is maiked by hyperseci etion of mucus and 
by the passage of mucous casts of the colon In it there are no symptoms 
lefeiable to the appendix and it has no etiologic relationship to mucoid disease, 
although both the appendix and the colon are under autonomic nerve influence 

Chronic obliterative fibrosis from long-continued low grade inflammation 
conveits the appendix throughout its length into a fibrous cord with loss 
of gland and of muscle structure Chionic localized obstruction from sten- 
osis, howevei, if of sufficient degree, is followed by cystic distention of 
the distal lumen For distention to occur, secretion into the lumen must 
exceed fluid loss fiom it by drainage and by absorption If enlargement is 
slow the resulting mucocele or hydrops may ultimately approach the size 
of the gravid uterus at full term s > 12> 21 Rapid growth piecipitates rupture 
Fortunately, under modern conditions, most cases of chronic obstruction aie 
operated upon as appendicitis before cystic change has become apparent 
Increasing intraluminal pressure causes thinning of the appendiceal wall 
with the formation of diveiticula Diverticula occuinng in the antemesenteric 
portion of the vail tend to rupture early, those developing into the meso- 
appendix grow more slowly and may themselves become secondary mucoceles 
Bailey, 1 ' before this Association, has reported a case of a massive mucoid cyst 
of the meso-appendix, missed at appendicectomy, being removed at sub- 
sequent operation Mucoceles produce indefinite symptoms and preoperative 
diagnosis is difficult 

Atrophy of the glands from mtialummal piessure may result m reduction 
of secretion into a mucocele Grow th stops when fluid loss by absorption 

* R ea< I before the Fifty-sixth Annual Meeting, Southern Surgical Association, 
December 5-7, 1944, Hot Springs, Ya 
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balances fluid gam from seci etion Continued secretion into a mucocele with 
loss of fluid content by absoiption results in the deposit of mineial salts as 
granules on the mucosa (Case 2) or as calculi (Case 4) m the lumen 


m 


1 


l 


L 



1 

Fig 1 — Photograph of the appendix opened Giant faceted calculus of the appendix 


Ogilvie 7 has repoited a case of 'cyst of the appendix, two and one-half by 
one and one-half inches m size, with calcification of the walls, in a laihoad 
biakeman who complained of something solid “tapping him on the inside 
while he followed his daily woik” Calculi may be multiple but as a lule aie 
single They vaiy in size., the largest reported 14 was m a man aged 61, ivhich 
weighed 135 Gm It consisted mainly of calcium and magnesium phosphates 
Mucoceles rarely occui before middle age We have seen, by invitation, a 
boy, age four, with a hard mass in the lowei right abdomen w Inch was shown 
roentgenograplncally to be a stone 13 
The preopeiative diagnosis ivas veri- 
fied at celiotomy The stone weigh- 
ing 33 Grains, was contained m a 
mucocele that had recently pei- 
forated 

The viscid contents of a muco- 
cele, like the white bile of a chole- 
cystic hydrops 01 the cleai fluid of 
a gonorrheal hydrosalpinx is pi ac- 
tually sterile, and septic peritonitis 
does not follow'- mpture of a muco- 
cele as its does pei foration in acute 
appendicitis The opaque matenal 
that escapes from a mucocele is not 
absorbed from the peritoneal cavity 
but blocks the lymphatics and re 
mams as a foieign body to accumu- 
late and pioduce ascites 01 “jelly- 
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belly,” a bizai 1 e disease that is tei med pseudomyxoma pei itonei Due to chronic 
obstiuction and inflammation the secietion into a mucocele becomes changed 
from mucin to pseudomucin by metaplasia lathei than by degeneiation 
of the goblet cells The gieat mciease m the volume of pseudomucin that 
accumulates in the abdomen aftei peifoiation of a mucocele makes it certain 
that, although tiansplants may not occui, secreting cells do escape from the 
appendix to live and to function in the pentoneal cavity It is not logical 
to assume that the foreign body seiositis which follows pei f oration activates 
the endothelial cells of the peritoneum to seci efe pseudomucin 



Fig 3 — Photograph of mucocele of the appendix opened, showing 
deposit of miner il salts on mucosa Case 2 

Laigely because most cases of pseudomyxoma pei itonei develop fiom 
rupture of adenomatous cysts of the ovary lathei than fiom the appendix 
the disease is more common in women It is not known why mucocele of the 
appendix is found as an associated lesion in a high peicentage of women 
who have developed pseudomyxoma pei itonei fiom ovanan cystadenoma In 
some cases the cystadenoma and the mucocele have both ruptuied and aie 
found at opeiation to be dischaiging pseudomucin into the peritoneal cavity 
(Cases 3 and 4) Cystadenoma of the ovaiy is often malignant Pseudo- 
myxoma developing aftei the uiptuie of such a malignant cyst, although 
the cells aie not invasive, is potentially cai cinomatosis, which terminates in 
death Metastases f 1 om pseudomyxoma pei itonei of ovai lan 01 igin have 
been found in the chest 11 

Woodruff and McDonald, 1 J leviewmg 43,000 appendices removed at 
the Mayo Clinic, found dilatation in 146 cases, an incidence of o 3 pei 
cent I11 ten of the appendices they found adenocarcinoma, and in foui of 
the ten cases there w r as an associated malignancy of the ovaiy They believe 
that fatal cases of pseudomyxoma pei itonei which develop aftei lupture of 
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mucoceles all originate in carcinomatous ctstadenomas of the appendix 
Although they do not state that am of the T46 cases of mucocele luptured 
and developed fatal pseudomyxoma pentonei, their findings stiongh suggest 
that peritoneal pseudomyxoma of appendiceal as well as of ovation ongm maj 
be benign 01 malignant in type, depending upon the tissue fiom which it springs 
Possibly cells originating m a benign lesion may assume malignant charac- 
teristics aftei they leach the peritoneum Piimar) cancel of the appendix 
is laie, of low giade malignancy, and requnes nucioscopic identification 
Noiment 1 estimates that the 1 elation of caicinoma of the appendix to cai- 
emoma of othei paits of the intestinal tiact is as 1 ,to 250 I have nevei 
seen a case lecogmzed by the suigeon at opeiation Boyd 20 says tiue pnmaiy 
caicinoma of the appendix very lately occuis The condition commonly 
called pi unary carcinoma is really caicmoid tumoi It resembles caicinoma 
nuci oscoprca% but is a benign lesion and is without symptoms 

Adenocarcinoma of the ovary is of fiequent incidence and of high 
malignancy Pseudomyxoma peritonei of appendiceal ongm has a lowei 
mortality rate However, death in pseudomyxoma fiom either source may 
be mechanical and independent of cell stiuctuie, for it is most often due to 
intestinal obstruction Fiom serositis, pseudomucin m the fiee pentoneal 
cavity becomes enveloped into cystic masses of mucoid material which adheie 
to each other and to the viscera Segments of small intestine may be bound 
111 a colloid cast of the abdomen Eithei condition results 111 chronic 
intestinal obstruction of varying degiee In late cases, that aie operated 
upon after the intestine has become fixed, surgical treatment is futile 

Pseudomyxoma peritonei of appendiceal ongm is a raie disease, less 
than 100 cases having been leported The symptoms ate those of a pro- 
gressive, painless ascites which, untreated, lesults m death fiom intestinal 
obstruction According to Seehg 3 the disease may lun a benign 01 a 
malignant course clinically without furnishing any differentiating criteria, 
macroscopically 01 mici oscopically 

Mucoceles of the appendix should be lemoved before uiptuie occuis and 
pseudomyxoma peritonei develops Aftei nipt me, if the mucocele, with 
all the pseudomucin that has escaped, is removed, the prognosis, in 0111 
experience, is good Late cases, 111 which pseudomucin has become enc) sted 
and cannot be removed, tend to become obstructive Drainage should not 
be employed Cases that wei e drained by Ries 5 to allow r the escape of masses 
which could not be completely removed at opeiatiorf all died All cases 
should be reported in order that authoritative factual information maj be 
obtained At opeiation upon females theie are otten associated adenomatous 
cysts of the ovary which should be lemoved In cases originating m car- 
cinomatous lesions of eithei the appendix or the ovaiy, maximum dosage of 
deep roentgenotheiapy should be administered postoperatn ely 

CASE REPORTS 

Case 1 — G P W, male, age 75, was seen July 2, 1937, with large bilateral 
inguinal herniae of long duration At the repair 01 the right hernia, which was 
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strangulated, a perfoiated mucocele of the appendix, the size of an adult thumb, was 
lemoved with 500 cc of bnlhant amber jelly that was found free in the hernial sac and 
in the pelvis Closure was without drainage Radiation was not administered On 
September 25, 1937, three months after dismissal, he returned for operation upon the 
left hernia, which had become strangulated At this time the peritoneum was grossly 
normal and without pseudomucin or evidence of pseudomyxoma He is reported to 
have died early in 193S of hypertension 

Case 2 — Mrs W R, age 58, giving the history of having had gallbladder trouble 
foi 20 years, was seen April 11, 1941, suffering from acute cholecystitis, with stones 
At operation, the gallbladder containing pus and faceted stones was removed The 
uterus and the ovaries weie atrophic A mucocele at the distal end of the appendix 
had ruptured, and about 750 cc ot yellow colloid material was found free in the peri- 
toneal cavity This, with the appendix, was removed The surface of the mucosa of 
the mucocele was rough and granular like sandpaper from the deposit on it of mineral 
salts The gallbladder region was drained Recovery was without complication No 
radiation therapy was administered Aftei three and one-half years she is in good health 

Case 3 — Mrs W M S, age 61, has known she had had a slowly enlarging pelvic 
tumor for several years She was suffering with abdominal pain of one week’s duration 
On examination, March 3, 1943, a cystic mass was found filling the pelvis and extending 
above the umbilicus At operation, this proved to be a multilocular gelatinous cyst of 
the left ovary Much yellow mucoid material from a ruptured loculus of it was 
free in the peritoneal cavity There was a large mucocele of the appendix with a 
small rupture through which jelly, similar to that coming from the ovary, was being 
discharged into the abdomen After the peritoneum had been freed of pseudomucin, the 
left ovary, the appendix and the gallbladder, with stones, were removed The wound 
was closed without drainage The patient did not receive deep roentgenotherapy, and 
after 20 months is in good health Pathologic Diagnoses (Dr Kenneth Lynch) Mucous 
cyst adenoma of the ovary Mucocele of the appendix Pseudomyxoma peritonei Chole- 
cystitis, chronic, with cholelithiasis 

Case 4 — Airs J O, age 79, was admitted, Alarch 3, 1944, complaining of difficulty 
in breathing and of progressive abdominal enlargement which began one year ago 
Blood pressuie and laboratoiy findings were normal At operation, seven and one-half 
liters of thick yellow jelly were removed from the peritoneal cavity, much of it being 
contained in a massive papillomatous cyst of the right ovary that had ruptured It was 
impossible to remove masses of jelly that were encysted in the great omentum and 
between coils of intestine The left adnexa and the uterus were atrophic There was 
a mucocele of the appendix with a small perforation at the tip The appendix and the 
right adnexa were removed Pathologic Findings Cystic adenocarcinoma of the right 
ovary with rupture Ruptured mucocele of the appendix which contained a small 
calculus Pseudomyxoma peritonei 

Convalescence was uneventful Deep roentgenotherapy was administered On ex- 
amination, Septembei 2^, T944, her condition was good, with no evidence of ascites 

1 COMMENT 

We have lepoited two cases of pseudomyxoma peritonei of appendiceal 
origin, one in a man, age 75 (Case 1), the other in a woman, age 58 (Case 2) 
In both the condition was symptomless and was found incidentally at opera- 
tion, m one for strangulated hernia and in the other for cholecystitis with 
stones No pseudomucin was found in the abdomen of the man at a second 
operation performed tluee months subsequent to the first We also repoit two 
cases (Cases 3 and 4) of pseudomyxoma pentonei in women, age 61 and 
79 ) respectively, in both of whom there were muoceles of the appendix 
with small perforations In both, the disease had apparently originated m 

708 



Volume 121 
Number 5 


MUCOCELE OF APPENDIX 


cysts of the ovary that had mptured m one (Case 3), a benign cystadenoma , 
m the othei (Case 4), an adenocarcinoma In Case 4 the fact that the 
mucocele of the appendix complicating adenocarcinoma of the ovary was 
itself without gross or microscopic e\idence of malignancy, proves that 
malignancy was not a factor in its development In Case 2 there uas a 
deposit of mineral salts on the mucosa, and in Case 4 theie was a small 
calculus m the mucocele — so that all phases of mucoid disease of the appendix 
except the late obstructive stages of pseudomyxoma peritonei have been 
illustrated m the four cases All the patients have been white 
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APPENDICITIS THE POSSIBLE EFFECTS OF SULFONAMIDES 

ON MORTALITY 1 

Tiiom vs B Aycocic, M D , and E M Farris, M D 

Bai rmonr, Md 


I ROM THr SURGICVL DEPXRTMCNT IULTIMORL CIT\ HOSPIT \LS BAITIMORT MI) 

This rlpori constitutes a suivey of 1151 consecutive patients with acute 
appendicitis who veie opeiated upon at the Baltimoie City Hospitals ovei a 
penod extending fiom January, 1935, to May 1, 1944 Six hundred and 
fiftv-one of these weie operated upon pnor to June 19, 1940, with a lesultmg 
moitality late of 5 2 per cent, and 500 weie operated upon since June 19, 1940, 
with a lesulting moitality late of 1 2 pei cent 

In the beginning it should be emphasized that chemotheiapy is not offeied 
as a substitute foi the fundamental rules that long have been piacticed and 
lecogmzed as most essential in the treatment of this disease Early diagnosis 
and opeiation befoie the pentoneum has been matenally soiled and. careful 
handling of the mtia- and extrapentoneal stiuctuies during opeiation aie 
still most impoitant factors in the control of this disease It is also necessary 
to stiess the fact that sulfanilamide is not admmisteied either locally 01 
systemically in those cases where the peritoneal cavity does not contain fiee 
pus, unless theie develops some pulmonaiy 01 other complication The 
available data on this subject, as well as the remaiKs made here, do not piove 
conclusively the value of the sulfonamides in this disease, vhethei they are 
used topically or otheiwise 

It has been the piactice in this clinic foi many ycais, with few exceptions, 
to subject all patients suffeimg fiom acute appendicitis to an immediate 
opeiation It is leahzed, of couise, that the application of this uile in jxitients 
w ith fai -advanced diffuse pei itonitis is questionable Many competent sui geons 
aie of the opinion that a penod of conseivative tieatment should be instituted 
befoie opeiation wheie such a condition exists It is not the pui pose of this 
papei to discuss the advisability 01 inadvisability of this mle It is felt how - 
evei, that m a municipal hospital wheie a house officei stall is maintained with 
a chief lesident who has had an expenence of only five 01 moie yeais of 
giaduate hospital seivice, and wheie many of these patients aie tieated b) 
the house staff in conjunction with membeis of a visiting staff, it is necessaiy 
to adopt a lathei dogmatic policy with legal d to the handling of 1 online 
patients Theiefore, moie 01 less definite uiles aie followed in the tieatment 
of vanous diseases and the disease undei discussion is no exception This 
does not mean that these uiles aie hidebound and that exceptions may not 
be made, but, in the main, the following uiles apply 

( 1 ) All patients w hose symptoms pi esent the pictui e of acute appendicitis 

^Read before the Fifty-sixth Annual Session, Southern Surgical Association, 
December 5-7, 1944 , Hot Spiings, Va 
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ate subjected to an eath operation If necessan, supportive treatment is 
instituted pitot to 01 dunng the opeiatne piocedure (2) A McBurney 
incision is made m almost every instance where the preoperative diagnosis 
of acute appendicitis seems reasonably certain Right rectus and midlme 
incisions aie made infrequently (3) Black silk is used throughout m most 
instances of simple acute appendicitis Howe\er. catgut is employed in po- 
tentially infected cases Plain o 01 00 chionuc catgut is used for appendiceal 
ties and lmcision of the stump is always carried out where the procedure is 
technical]} possible 1 he pm se-strmg usually consists of double A oiled silk 
suture (4) In patients with appendiceal abscess the appendix always is 
remoied if it is 1 caddy accessible 01 if it can possibly be removed without 
breaking down the limiting abscess wall (5) In more recent years sul- 
fonamides ha\ e been used in the contaminated peritoneal ca\ it} and sy stemic 
doses of the drug aie gnen later Pi 101 to June, 1940 no sulfonamides 
weie used consistently eithei 111 the peritoneal canty or In oral methods 

I11 this re\ lew it is desired to point out the use and possible effect of the 
sulfonamide drugs on the mortalit} and, to a lesser extent, the morbidity 
rate To suit the purpose of this discussion the usual pathologic classification, 
name!} acute catairhal acute suppuratne, acute perforatne, and acute gan- 
grenous appendicitis is being omitted Instead the following classification 
is being made simple acute early peiforatne, appendiceal abscess, and per- 
foration with diffuse peritonitis 

Outside of two anesthetic deaths which occurred on July 17, 1941, and 
October 5 1941 respectneh there ha\e been four deaths from acute appendi- 
citis since June 1940 This co\ers a period of almost four years, and gives 
a mortahtv rate excluding the two anesthetic deaths, of 08 per cent against 
an oier-all mortalit} rate of 1 2 pei cent 

In this series of patients operated upon since July 19, 1940, and repeating 
again that the two anesthetic deaths referred to have been excluded, there 
were 27 patients with acute appendicitis and abscess formation, with one 
death This is equnalent to a mortality rate of approximately 3 7 per cent 

There were 26 patients with acute appendicitis and earh perforation and, 
again disregarding the one anesthetic death that occurred in this group, there 
were 110 deaths There weie 418 cases of simple acute appendicitis m which 
no sulfonamide drugs were used and theie were no deaths In addition, 
theie were 29 patients with perforation and diffuse peritonitis, with three 
deaths This gnes a mortalit} rate in the latter group of approximately 104 
per cent The foregoing groups total 500 patients operated upon for acute 
appendicitis and, excluding two anesthetic deaths, gives a mortality rate of 
08 per cent 

Prior to June 19. 1940, there were 56 patients treated for acute appendi- 
citis who had early peiforation From this group there was one death, 
giving a mortality rate of approximately 1 S per cent There were 31 patients 
with abscess formation, and m this group there w ere three deaths, the mortality 
rate being 97 per cent In addition, there were 87 cases diagnosed as acute 
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appendicitis that had perfoiation with diffuse pentonitis Fiom this group 
there weie 27 deaths, with a moitahty rate of appi oximately 31 pei cent 

A ievie\v of the tecords of the patients leported heie shows that the 
sulfonamide drugs have been used m neatly all peifoiated appendices since 
June, 1940 It was then that the nile was made for the administration of 
sulfanilamide m patients with fiee pus in the pentoneal cavity There weie 
a few instances m which it was used befoie that time, but only spasmodicalh 
and with no regulanty in legal d to the type of pentonitis or the amount of 
the drug 

Fiom these statistics one might conclude that the ding has probably been 
an important factoi in lowering the mortahtv iate foi diffuse peritonitis 
which has dropped fiom 31 to 19 4 per cent, and appendiceal abscess fiom 9 7 
per cent to 3 7 pei cent since its routine use It should be borne in mind, 
how'ever, that there ai e many factoi s that influence mortality and these figures 
should not be considered conclusive 

If these observations aie significant the question anses as to the effect 
of the diug on the organisms causing the disease Up to the present time that 
question cannot be answeied satisfactory The chief difficulty is that the 
bacterial flora of the intestinal tract is not too w r ell known nor is it constant 
This is well illustrated in infancy by comparing the bacterial flora of the in- 
testines of artificially fed and hi east fed babies The former show' a licher 
colon and anaeiobic spoie-beanng group of oigamsms In adult life the 
colon group constitutes approximately 75 pei cent of the intestinal flora 
Hertei, 2 Kendall 3 and Rettgei 4 have done considerable reseat ch and have 
showm that the bactenal content of the bowel may be changed by adjusting 
the diet Eggert, 5 in 1933, described 11 species of giam-positn e nonsporulat- 
mg anaerobes isolated from the feces It is thought that most of these 
oigamsms are nonpathogemc but it is^lso believed that some of them, under 
vaiied circumstances, may be 01 may become pathogenic Whether these 
organisms noimally present 111 the intestinal tract are the chief exciting factoi s 
in the causation of acute appendicitis is not known Since the bacterial flora 
is altered by change in diet, acute appendicitis may be caused by some of 
the better known oigamsms that are influenced by the sulfonamide gioup of 
diugs The sulfonamides may possibly have some inhibitory effect on the 
synergistic activity of tw'O 01 more of the oigamsms m question, theieby, 
lessening the destiuctive activity foimetly obsened m localized 01 diflusc 
peritonitis 

The choice of sulfanilamide in piefeience to sulfathiazole for use in the 
geneial peritoneal cavity w r as made because of its gi eater absoiptive powei 
One of the authors (T B A ) frequently has mtioduced fiom 4 to 10 Gm 
of sulfanilamide into the peritoneal cavity and found that the blood level was 
6 to 8 mg per 100 cc the following day It w'ould seem, therefore, to hold 
preference m absoiptive powei over all of its allied drugs This is apparently 
desirable because it is thought to have little or no effect locally , how ever, 
the systemic effect is piobably lesponsible for whatevei beneficial results may 
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Tabli II 

PMU NTS TIirSTI'D WITH SUI TON AMIDES 

Kirh Pcrforition Abscess Formation Diffuse Peritonitis 


No of p incuts 

26 

No of patients 

27 

No of patients 

29 

Dc Itllh 

0 

Deaths 

1 

Deaths 

3 

Mortahtj rue 

O' c 

Mort t?Uj rate 

3 7% 

Mortality rate 

10 4% 



Tabi r III 






PVTlt NTS TREATED WITHOUT SUirONAMIDTS 


E irl> Perforation 


Vbsecss Formation 


Diffuse Peritonitis 


No of piticnts 

36 

No of patients 

31 

No of patients 

87 

Dt itlis 

1 

Deaths > 

3 

Deaths 

27 

Mort \lttj rue 

1 S^, 

Mon iht> rate 

9 7% 

Mortality rate 

31% 


1 \m r IV 

VVIkVCl DUS IN HOSPITAL — WITH US1 Or SUIIONVMIDrS 

Huh Pcrforition Abscess Formation Diffuse Peritonitis 

H 28 23 


Tabu V 

wiinn Dt\s in iiospitai — without use or suit onamidis 
r utv Perforation Abscess Formation Diffuse Peritonitis 

11 31 20 


Tabi r VI 


MOkTVIUV ACCORDING TO VGr GKOUI S 


\ C US of Age 

0 10 inclusive 
1 1-20, inclusive 
21-30 inclusive 
31-40, inclusive 
11-30 mcluMvc 
31-60, inclusive 
61-70 inclusive 
7 1 —SO inclusive 


Number of Deaths 
4 
6 
4 
4 
9 
8 
4 
1 


1 mile VII 

TVPLS OI ANESTHETIC USI D 

Spinal novocainc ‘ 450 

Spinal pontocaine 342 

General (GOD) 283 

Spina! novocainc (supplemented by gencial or sodium pcnlotlial 26 

Spinal pontocaine (supplemented by G O I! or sodium pcnlotlial) 22 

1 ocal novocainc (some supplemented with gas oxygen 13 

Sodium pcntolh il (with or without gas o\jgen) 15 


1131 


Tabic VIII 

TOTAL PATHOIOG1C HI PORTS 1 

Pcrfor ilcd appendices 80 

Gangrenous appendices 76 

Acute appendicitis (including suppurativ e cases and some 
gangrenous and perforated cases) 533 

Subacute appendices 175 

Essentially normal appendices 143 


1007 

•’ll! 144 of 1151 cases no pathologic reports are available 


1 
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follow The same conclusion is found m the woik of Meleny, and his co- 
workeis 0 In addition, sulfanilamide probably causes fewei mtrapentoneal 
adhesions This mfetence is based largely on the work of Boys and Lehman 7 
The moitality rate has been 1 educed duiing the last foui years in this 
series, and may have been influenced by the institution of sulfonamide therapy 
It is not believed, howevei that the late of morbidity has been loweied to any 
appi enable degiee A study of Table IV will show that the average period of 
hospitalization has not been reduced as a 1 esult of the institution of the di ug 
The same observation has been made with regard to the extent of local 
infections 

The type of anesthesia ordinarily prefened was spinal pontocame 01 
novocame In this gioup of 1151 patients spinal anesthesia was employed in 
840 cases and a supplement of nitrous oxide and oxygen 01 pentathol sodium 
was used in 48 instances When spinal pontocame was used it was mixed 
with 10 per cent glucose Local novocame, intravenous sodium pentathol, or 
general inhalation anesthesia was preferred in the patients who were con- 
sidered m poor physical condition This preference was expressed because 
of the reluctance to use spinal anesthesia in poor nsks Whenevei an intra- 
thecal injection is made a mixture of pituitnn and ephedune is available to 
give before 01 duiing the period of anesthesia 

As mentioned pieviously, there were foui anesthetic deaths 111 this series 
Two of these occui red with the use of inhalation and two with spinal anesthesia 
The anesthetic moitality rate with both types in this series was 03 per cent 
With regai d to the pathologic studies of the 1151 cases diagnosed as acute 
appendicitis, theie weie 89 per cent which pioved to be acute, and these i\eie 
confirmed by nucioscopic examination Of this group, 1007 were examined 
microscopically Unfortunately, theie can be no satisfactoiy conclusions 
diawn from the pathologic repoits This is tiue because a separate classi- 
fication has been used in this paper The chief interest, howevei, lies 111 the 
fact that of the 1007 cases examined nnci oscopically only 143 were reported 
as essentially normal 

There was one patient 111 the gi oup who was listed as having actinomycosis 
of the appendix, and one reported to be tuberculous 

A relatively large number were described as having shown evidence of 
Oxyuns vo nncidans In this group, 24 weie reported with an average age 
of 16 years and eight months 

Theie were eight patients of this series in whom Meckel’s diverticulum 
was found I 1 

Four patients developed heimae following the operation, and all had 
McBurney incisions However, it is interesting to note that all had post- 
operative wound infections 


CONCLUSIONS 

A report of ten years’ experience with acute appendicitis m a municipal 
institution has been presented Six hundied and fifty-one patients were 

716 



\rtimiB 121 
Number ' 


SULFONAMIDES IN APPENDICITIS 


opei ated upon dui mg the hist six-yeai penod, and without the routine use 
ot the sulfonamides wheie peifoiation had occuned Dunng the subsequent 
foiuweai penod 500 patients weie opeiated upon, and sulfonamides admims- 
teied topicall) at the time of opeiation if such a condition existed Following 
the operation sulfathiazole was given 01 ally in neaily all such cases The 
moitahtN late is lowei 111 the lattei gioup Fuithei clinical and experimental 
studies aie necessaiy 111 oidei to deteinnne the value of these observations 
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Dim 1 ssion — Dr M J Hinri, Louisville, Ky I should like to discuss Doctor 
\\tocks paper, since I recentlj had the opportunity to present a paper on this subject 
betoie one ot our local societies The cases I reported w T ere operated upon by Doctor 
\bell Sr, Doctoi \bell, Jr, and myself As Dr Abell, Jr, has been working directly 
for Uncle Sam, while we ha\e been doing so indirectly during most of the period covered 
In this stuch , most ot the operations were performed by Doctor Abell, Sr, and myself 

In reading the curient literature on the subject one is impressed with the fact that 
relatneh large doses of the sulfonamides are used mtraperitoneally We do not use these 
drugs 111 mild cases of acute appendicitis, those 111 which there is slight extension of the 
mfkunmaton piocess to the surrounding structures We have used the sulfonamides 
intraperitoncalh in 134 cases, and ha\e dmded them as follow's 


Acute appendicitis with local peritonitis 15 

Appendicitis perforative 32 

Appendicitis gangrenous 40 

\ppendiceal abscess 31 

Pu itonitis, diffuse 16 


Of the 134 patients oul\ one died This patient was a child age eight, whose tempera- 
ture was 1058° F on the day of operation, who died m less than 48 houis after operation 
This child had a ganqicnous appendix 

With \erj few r exceptions sulfanilamide w»as used Many maintain that sulfathiazole 
has 30 times the bacteriostatic pow r er of sulfanilamide We ha\e used it rarelj Practically 
all cases had five grains of the drug mtraperitoneally , very few received additional 
sulfonamide therapi through the 01 al or parenteral route Not as many as five per cent 
received additional therapj , jet w T e ha\e a mortality late of 075 of one per cent 

Dr J C Owincs, Baltimore, Md Prior to 1940 w'e used the sulfonamides at the 
Baltimore City Hospitals only eery occasionally, because we had so much difficulty in 
preventing the drug from caking when sterilizing it It was known that the powder 
contained viable spores of various organisms so that w f e could not use it without sterilizing 
it I took this problem to the Hynson, Westcott & Dunning Company, of Baltimore, which 
developed a granulai form of the drug put up m a sterile package that could be shaken 
into the wound without difficulty Latei W'e found that w’e could sterilize the granulai 
form ourselves without am trouble 
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My feeling at first was that we had found something very good and that we were 
going to get excellent lesults from local application, but in view of what the w'ar has 
shown in legal d to the local use of sulfonamides in open wounds, I am not at all sure 
of its value At present I feel that the pnncipal function of local application is that it 
provides a quick, easy and safe means of raising the blood level at a time when it is 
often not possible to give the drug orally because of nausea By applying it mtrapen- 
toneally one can raise the blood lei el and keep it up until the patient can take the drug 
bv mouth The drug is readily absorbed bv this route and its effect is maintained 
over this critical period 

Dr Emil Novak, Baltimore, Md I should like to say a word about the interesting 
contribution of Doctoi Bunch One would get the impression from a review' of the 
literature and also from the report which Doctor Bunch made, that perhaps tw'o entities 
are embraced under the designation oi mucocele In one w'e deal with w'hat, to all intents 
and purposes, is a retention cyst of the appendix On the other hand, there is anothei 
condition which is embraced under this same designation, and is moie likely to be 
encountered by the gynecologist The mechanism seems to be different, the contents of 
the mucocele are not mucm but pseudomucin, chemically ’-eadily distinguishable from 
mucin The epithelium is of the peculiar very tall “picket” \anety which characterizes 
the pseudomucoid tumor of the ovary, which w r e believe to be a teratoma In a teratoma 
we often find cysts lined with this epithelium, similar to that in mucocele of the appendix 
It is embryologically interpreted as a primitnc form of intestinal epithelium That is 
one of the reasons we believe these cysts of the ovary are teratomata in which this 
entodermic tissue has blotted out all other teratomatous elements, just as thyroid tissue 
does in the so-called struma ovarii The peritoneal transplants also show the tall “picket ’ 
variety of epithelium 

This, then, is a different piocess from the mucocele w'luch appears to be simply a 
retention cyst, we deal here with a pseudoneoplastic or genuinely neoplastic process 
Histologically, it is perfectly benign in all cases I have studied, but clinically such cases 
run an essentially malignant course \\ hen operation is performed one can often scoop 
out great masses of jelly-like material, but the cells continue to secrete and the gelatinous 
ascites continues to recur until, often after some years, the patient dies of terminal infec- 
tion or intestinal obstruction 

The point is that there appear to be tw'o ty'pes of mucocele, but the kind of gynecologist 
is most interested in is that associated yvith pseudomucinous c\ stoma of the ovary' In 
this, the local epithelium and the character of the exudate appear to be different from 
that seen in the other varielv 

Dr R M Pool, Memphis, Tenn During my association with Dr Lloyd Noland, 
at Fairfield, Alabama, w r e observed several cases of mucocele of the appendix One of 
these presented several interesting features This man w'as operated upon by Doctor 
Noland for repair of a right inguinal hernia A mucocele of the appendix was found 
and removed at the same time There was a granular tumor at the tip of the appendix 
and, in spite of verv careful dissection a small amount of mucoid material was spilled 
from this tumor Doctor Noland recognized it and made a correct clinical diagnosis 
The man w'as operated upon in November, 1927, and made a satisfactory operative recovery' 
in the usual length of time He returned in the fall of 1931, after a comfortable interval 
of four years On examination it was thought that some intra-abdominal fluid could be 
detected, but nothing w'as done at that time In 1932, he was explored because of a large 
accumulation of intra-abdominal fluid and because an abdominal mass could be palpated 
This mass was made up almost entirely of omentum, but practicalh all the peritoneum 
was involved in a pseudorm xomatous peritonei The patient died at home in May', 1933 

This case W'as foflow'ed through from the time appendicectomr was performed until 
the fatal termination, w'hich w'as due to intestinal obstruction The pathologic study and 
the second exploration lerified the diagnosis of mucocele of the appendix with subsequent 
pseudomy xomatous peritonei 

Dr R L Sandfrs, Memphis, Tenn Since Doctor Bunch was kind enough to invite 
me to discuss this most interesting subject, I should like to mention bnefly tw r o cases of 
mucocele of the appendix which ha\e been outstanding in mv memory 
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Hit (list case was lcpoitcd bcfoie the Louisville meeting of this Association in 1926 
1 he patient a man, piesented a large tunioi 111 the right lower abdominal quadiant The 

diagnosis was not made pi 101 to opeiatiou, had the patient been a woman, I would 

ha\c thought the mass an o\anan cyst It proved to be a mucocele of the appendix 
measuring 39 cm 111 ciicuniference — the largest on record, so fai as we could find It 
had not perforated, and theie were no peritoneal implants Eighteen years have elapsed 
since the operation and the patient has had no furthei tiouble Dr Hubert Royster was 
good enough to describe this ease in Ins monograph on the appendix 

Hie second case was that of a woman, age about 60, who came to Di W J Mayo 
dining my sci\ice with linn in 1916 She was found to have a large fluctuating tunioi 

below the femoral ting 011 the thigh It was not unlike some of the aneurysms showed 

vesterdav In Colonel Elkin, although there w'as no pulsation or other evidence of aneurysm 
O11 opening the mass, Doe tor Mayo was amazed to find an enormous amount of colloid 
material, which was coming tin ought the femoial ring He then explored the abdomen 
and discovered a laige appendix, its tip near the femoral opening It had perforated 
and its content was escaping and pioducing the mass on the thigh The appendix w r as 
lemovcd, the abdomen was closed and the thigh incision sutured I have not had an 
opportunity to tollow the case, so do not know the ultimate outcome I am sure Doctoi 
Mato did not repoit it, so I am pleased to do so here and to give him the credit 

Dn Hunt \ Gvmbii, Greenullc, Miss I want to confine my remarks to the last 
paper For the past 20 years I have advocated the open treatment of peritonitis due to 
1 ruptured appendix During this time the moi tahtv rate has been 1 5 per cent in this 
class of cases When the sulfonamides came in I found certain disadvantages One was 
that it appeared to me theie was more oozing in the wounds, adhesions formed moie 
rcadih , and certain patients had an idiosyncrasy for these drugs Last year I saw a 
patient, age 36, in good physical condition, with a ruptured appendix We would 
ordinarily have expected him to iccover He was given sulfanilamide, suppression 
ot the urine occurred and he died I feel that his death was due directly to the drug 
and that a word of warning should be issued as to the danger incident to its use I do 
not tecl that the sulfonamides are cure-alls Thev have not helped our mortality rate 
one iota 

Under the open tieatment the mortality rate 111 these ruptured and complicated cases 
has ranged consistently around 1 5 per cent All the patients who died have been more 
than 65 vears of age, with the above exception, some weie as old as 85, and many were 
diabetics I am definitely assuied that we can still keep our mortality rate low without 
the employment of sulfonamides 

Dn Hi xrv \\ Cvvi, New York, N Y This discussion on the use of sulfonamides, 
particularly sulfanilamide m its 1 elation to acute suppurative appendicitis, could go on 
and on mdefimtclv 

At the Roosevelt Hospital in New York, wheie we have been interested in the use 
of this drug mtraperitoneally since January 10, 1940 — almost five yeais ago — Dr Sterling 
Mueller poured an undertermincd amount of sulfanilamide into the perintoneal cavity 
m a patient who had a ruptured appendix, with diffuse peritonitis This patient made 
a very satisfactoiy recovery Since that time we have operated upon 1,000 cases of 
acute appendicitis, and ot this number three have died In this group we have used 
sulfanilamide mtraperitoneally in about 40 pei cent, reserving it for the severe cases 

In the fn c-year period prior to January' 10, JQ40, we operated upon approximately' 
850 patients with acute appendicitis, diagnosed microscopically', and in this gioup 21 
deaths occurred 

We believe it is advantageous to use sulfanilamide mtraperitoneally in acute inflam- 
matory lesions of the appendix We have had two experiences with marked jaundice 
in patients following administration of 10 mg and 8 mg, respectively So far as drainage 
is concerned, we have used drains in 3=; per cent of all cases in which sulfanilamide has 
been used 

Dn Hunmr A Rovsttr, Raleigh, NCI think Doctor Novak has hit the mark in 
his discussion on different kinds of cysts of the appendix They vary all the way from 
so-called retention evsts up to pseudomucinous cy sts We need to consider the pathologic 

719 



AYCOCIC AND FARRIS 


\nnals of Surgery 
May 1045 


origin and the location of these cysts Many of us have encountered small cysts of the 
appendix undei the serosa that have nothing to do with the interior, they are quite 
common, and have no pathologic significance On the other hand, cj sts inside the appendix 
of varving size, whether from the mucosa or submucosa, I think represent a degenerative 
process In the pseudomucinous cvsts We have an entirely different process, classed as 
an abnormal type, misplaced tissue, and, therefore, coming under the head of teratomata 

In my book (1937*) I gave a review of cysts of the appendix including mucocele, 
if they are harmless, retention cysts or what jou please, but the pathologic definition is 
the discriminating question which applies as w r e see them clinically I feel this distinction 
should be made before v'e classify any we may see, small 01 large, which are not simple 
cysts but teratomata I think the size of the cyst is important, when it comes to the 
pseudomucinous variety I had the pleasure of reproducing Doctoi Sanders’ illustration 
m my book, and gave him uedit for the largest on record I have seen none since as 
large or larger 

Having been letired for six yeais, I look back on our mortality rate in appendicitis 
For several years preceding our retuement we had a mortality of about 15 per cent 
over the years, and recently I expressed myself to my colleagues as wondering if the 
improvement since the introduction of the sulfonamides v'ere due to the drug itself or 
due to good judgment and technic in the operation I cannot feel that if a man has been 
operating for 20 years his technic should not improve I do not think we can attribute all 
the improvement to the drugs It is a sad thing that I had to get out before the 
sulfonamides were invented, I might have assumed none of my patients would die, that to 
be immortal one should have appendicitis and be operated upon 

Dr Gtorge H Bunch, Columbia, S C ( closing) I deeply appieciate the discussion 
I wish to thank Doctor Novak for informing us that some adenomatous cvsts of the 
ovary are in reality teratomata True peritoneal transplants have not been recognized 
in the cases of pseudomj xomatous peritonei reported by me The cells have not been 
invasive and masses of adherent pseudomucin could be removed from the peritoneal 
surface without grossly impairing its integrity 

Dr Thomas B Aycock, Baltimore, Md (closing) I greatly appreciate the dis- 
cussion given this paper As to the dosage of sulfanilamide, refeired to bv Doctor Henry, 

, we rarely place more than eight grams in the peritoneal cavity at the time of operation , 
more frequently we use four or five grams I think Doctor Owings and Doctor Royster 
hit the nail on the head in their comment I do not think any of us are sure where we 
stand regarding this question— particularly as to the local use in acute appendicitis with 
peritonitis I realize, as Doctor Gamble said, that there are dangeis in the use of this 
drug, and we are always on the lookout, blood levels aie taken daily m these patients, 
and always the day followmg local administration 
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SACRAL AND PRESACRAL TUMORS* 

George V Brindley, M D. 

SCOTT AND WHITE CLINIC 

TiAinr, Tr\AS 

Tumors which ongmate m and vential to the sacrum are so laiely seen 
that individual expenence pertaining to such neoplasms naturally is limited 
Howevci, some thiee yeais ago, within a penod of fouiteen months, I en- 
counteied thiee tumois of this legion which stimulated my study of new 
giow ths of this location One of these giowths was a chordoma, anothei 
was an ependjmal cell glioma, and a thud was a large dermoid cyst 

A few genet al lemaiks lefeiable to tumois of this location will be made 
as a backgiound foi the discussion and a bnef lepoit of these thiee cases 
will be piesented The papei wall emphasize pmnaiily the tieatment and 
prognosis of malignant lesions of this legion 

The neoplasms of this location aie of many pathologic types and usually 
anse fiom \estigial embryonic tissue The potentialities of the saci ococcygeal 
legion aie based on the fact that the pumitive node occuis heie, and from 
it all the fundamental s} stems of the body giow r foiwaid During fetal 
life this remains foi a long tune a point of fusion of the cential nervous system, 
skeletal axis segmental musculatuie and postanal gut Along the pnmitive 
gut wall migrate the pnmitive cells of the gonad Theie are more possi- 
bilities heie than almost any place in the body The tumois encountered 
most frequentl) m this region aie choidomas, dermoids, ependymomas, tera- 
tomas, Ewing’s tumois, giant cell tumois, neui ofibromas and fibiosarcomas 
The majority of the malignant lesions will be found to be chordomas, 
ependymomas, fibiosai comas, malignant changes in the benign neoplasms 
of this region and metastases fiom pnmai y malignancies elsewdieie 

The chordoma is piobably the most intei esting tumor occuinng here 
It is a neoplasm arising fiom the cellular remains of the notochord and, 
therefore, is composed of epithelial tissue In 1858, Mueller was the first 
to advance the view that these tumors w r eie of notochordal ongm I11 1894, 
Ribbert confiimed the opinions of Muellei and w^as the fiist to apply the 
name of chordoma to this growth This was fifty years ago 

The first recorded cases of saci ococcygeal choidomas of clinical interest 
w r ere those reported by Feldmann and by Mazzia in 1910 According to 
Mabrey, Wood repoited the fiist saci ococcygeal choidoma in the Amencan 
liteiature in 1913 Stew'ait, in 1922, piesented an excellent paper on 
chordomas and reviewed the hteiatuie up to that date He found only 
twenty-six such cases in the liteiature In 1935, Mabrey again reviewed the 
literature pertaining to these tumors and found at that time 150 lecoided 
cases of chordoma Faust, et al , m a recent aiticle, submitted 102 additional 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association, 
December 5 - 7 , 1944, Hot Springs, Va 
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cases of chordoma m the literatuie This brings the total numbei of cases 
lepoited to 252 in these two communications 

Most choidomas aie situated in the sacral legion The next most 
frequent site is the spheno-occipital region, although a few cases have been 
leported along the veitebial column at vai 1011s levels 

Chordoma may develop at any age Montgomeiy and Wolman repoited 
such a tumoi in an infant three and one-half months of age , and the oldest 
case that Chesky found m the literature was m a man age seventy-mne 
Dickson and Lamb stated that the aveiage age at the onset of chordomas of 
this region is fiom thirty-five to forty years of age, and that males are twice 
as prone as females to develop these neoplasms Tiauma is considered an 
etiologic factoi in many instances 

Piesacral deimoids constitute a fail peicentage of the tumors of this 
legion Whittaker and Pemberton, in a study of twenty-two cases of 
piesacral tumors, repoited that nine of them wei e dermoids 

Presacial dermoids arise from the ectodermal layer Accoidmg to 
Cainey, it is possible that dermoids may derive from either of thiee 
structuies pioctodeal membiane, postanal gut or vestiges of the neui enteric 
canal 

They may occur at any age Manheim and his gioup stated that no in- 
cidence of a piesacial deimoid has been found in the male 

Dei mold cysts are usually encapsulated, have a poor blood supply and 
may compress, but do not invade, adjacent stiuctuies Thomason empha- 
sized that sinus openings in the sacrococcygeal legion are usually the 
external manifestations of cysts 01 tumors of developmental origin Lahey 
and Eckei son concluded that a piesacral deimoid should be suspected m 
patients who have sinuses and abscesses about the anus and who have had 
lepeated opeiations 

Ependymal cells in the eaily embryo form a laige part of the neural 
tube Ependymal gliomas of the sacrococcygeal region arise from remnants 
of embryologic structuies forming the lowei end of the spinal cord, the filum 
teimmale, and grow as localized neoplasms destioymg bone by eiosion It 
is the neoplasm which derives most frequently within the sacial canal 
The symptoms produced by early and small giowths of this legion 
are usually negligible, whereas those caused by large tumors may be pro- 
nounced and disabling The symptoms are not modified materially by the 
pathologic histology of the neoplasm because the symptoms of tumors of this 
legion aie usually those directly the result of mechanical piessure, that is, 
pam and anesthesia of variable degrees This is influenced dnectly by the 
size, location, degree of erosion or invasion of bone and extension of 
the neoplasm Pam is usually more pronounced in those cases in which 
the tumor began within 01 has invaded the bone Large tumors of this 
region may cause marked impairment of the functions of the rectum and 
bladder because of encroachment This results in the usual symptoms 
A digital examination of the lectum is the most essential part of the 
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pin Mini examination The piesencc of a tumoi which displaces the rectum 
and nil km pd\u stun lutes antenoi ly can lie palpated by a lectal examination 
1 he si/e, content, consistent} and mobility of the tumor can also be ascei- 
tained In a digital examination Roentgenologic findings may be negative 
oi mat show eioMon, desti notion oi invasion of the bone The final diagnosis 
of the nattue of the tumoi depends on a micioscopic study of tissue fiom 
the neoplasm 

Location of the tumoi, duiation of the giowth, size of the neoplasm, 
degice of extension of the tumoi to adjacent stiuctuies and pathology 
ol the lesion aie factois which modify the tieatment and piognosis The 
completeness of lemoval of the tumoi and the smgical instillment used 
foj the excision definitely influence the piognosis 

Uioidomas of this legion occui m one of thiee locations in 1 elation to 
the sacium The tumoi may be letiosacial, within the sacial bone or m, 
oi on the antenoi suiface of the saciococcygeal bones The most frequent 
site is m or on the antenoi sacial wall with the tumoi extending fonvaul 
into the hollow of the sacium Adson. Moeisch and Kemohan, in a ieview' 
ol nineteen cases of choidonias, found that seventeen onginated in the sacium, 
imohed it and extended into the pelvis One tumor developed in the sacrum 
but did not extend into the pehis, and one developed antenoi to the sacium 
but did not invade the sacium Malney lepoited the incidence of eighty- 
seicn cases of saciococctgeal choidoma in vanous legions to lie antesacial 
4 1 , letiosacial 2y, and cential 17 

Die duiation of the giowth natuially influences the size and extent of 
the neoplasm \ccoiding to the case histones, the majonty of these tumoi s 
have been picsent foi a few tea is befoie the patients have come foi 
tieatment 

Mainer found m saci ococc} geal choidomas that the aveiage duration 
of sMuptoms licioie tieatment in seventy-seven cases w^as 357 months, 01 
appioxnnatel) thiee \eais Adson, Moeisch and Ketnohan lepoited this 
figuie to be thnteen months J11 the case we aie lepoitmg, the patient 
began to ha\e symptoms some five yeais liefoie admission to the Clinic 

Wheieas these tumoi s aie lathei slow m giowth, some develop to an 
enoimous size Jisieh and Hsieh lepoited a choidoma of the gluteal region 
20 x 20 x 1 5 cm Stew'ait and Moun lepoited a tumoi 30 x 20 cm and another 
26 x 22 x 15 cm The fact that the symptoms of early disease aie negligible 
piobably laigely accounts foi the long histoiy of the piesence of a tumor 
and explains w r hy the tumoi is fiequently of laige size when a patient comes 
foi tieatment The laigei the tumoi, the more difficult is its exposure, 
mobilization and lemoval The size and duiation of the giowth natuially 
have a healing on the extent of the lesion Eaily and small lesions aie usually 
found somewhat encapsulated, aie moie amenable to surgical lemoval and 
have a better prognosis 

PATHOLOGY 

The pathology of the malignant lesion definitely influences tieatment 
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and prognosis Tumors arising m vestigial structures always present prob- 
lems in pathologic diagnosis because of then infrequency and because their 
structure often piesents either bizarre cellular pictures of unusual cellular 
types or mixtures of them The anatomic sites of these neoplasms may 
help to identify them 

Chordomas aie soft tumors Then chief histologic features are rounded 
cells giowmg in cords and having vacuoles in their cytoplasms or nuclei, 
accompanied by abundant mucinous matenal Sometimes they resemble 
the structuie of matenal fiom the nuclei pulposi of the spinal column 
Most choidomas aie slow in growth and have a low degree of cellulai 
activity As the tumoi develops, there seems to be a predilection to an 
extension of the growth along the course of the blood vessels and into the 
adjacent muscles and nerves with an invasion of the bones of this region, 
lather than a spread of disease by way of the lymphatics The rectum and 
peritoneum aie seldom invaded by the neoplasm These tumoi s raiely 
metastasize until late in the disease Howevei, Mabrey found in a review 
of sixteen autopsies that metastasis w'as present in 62 per cent of the cases 
The discoui aging fact is that these neoplasms do have a maiked tendency 
to lecui locally because of the difficulty of complete, pnmary extirpation of 
the disease 

Ependymal gliomas occuiimg heie usually simulate closely the cellulai 
pictuies of w'ell diffeientiated gliomas of the biain, in that the cells are 
evenly rounded, stain well and regularly, have distinct nuclei with sufficient 
cytoplasm, have a few, light, fibrous trabeculae and show little tendency 
toward glial fibril foimation Ependymal cell gliomas aie local, do not 
tend to metastasize, may show' recuirence and usually aie of a fairly low' 
degiee of malignancy 

The dei mold cysts of the piesacial area are hard to explain on the basis 
of anything but vestigial structures Tumors of this type are identified by 
epideimoid tissues, are fiequently cystic and slow' in giowth Some are 
teratoid and malignant 


SURGICAL TREATMENT 

The tumors predominating in this legion aie eithei "benign or are malignant 
neoplasms with a low degree of cellular activity A good result can be 
expected when a benign neoplasm has been lemoved completely, and low' 
giade malignant tumors should not recur when lemoved by extending the 
line of excision well beyond diseased tissue and leaving the field free from 
contamination by malignant cells 

How'ever, piactically all repoits concerning the cuie of chordomas 
aie discouraging This is emphasized by the following obseivations made by 
various writers According to Montgomery and Wolman “The ideal treat- 
ment foi a choidoma is complete suigical extnpation This is almost always 
impossible It is questionable whethei any patient has been permanently 
cured by operation 01 irradiation ’’ Chesky stated that the prospect fm 
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complete eiadication of the tumor is extiemely bad All patients operated 
upon, except those seen in lecent yeais, have died of a recunence Fletcher, 
Woltman and Adson pointed out that complete suigical lemoval of most 
choulomas is piactically impossible Keane leported that a chordoma is an 
imariabh fatal tumoi WhittaKei and Pemberton found the incidence of 
lecunence is quite high and, if local, is usually due to an incomplete removal 
of the ongmal giowth Bell stated that no permanent cures of chordoma 
ha\e been lepoited Stew ait gave the incidence of local lecuirence as 865 
pei cent, and accoidmg to Stew ait and Morin, thirteen cases out of fifteen 
who sunned sui gen aie known to have developed a lecunence 

Notwithstanding these discoui aging lepoits, an occasional patient has 
been known to be alive and appaiently fiee of disease many years aftei 
the excision of the neoplasm Gat lock lepoited a case appaiently w'ell ten 
\eais aftei suigen 

\ postenor appioach with an incision ovei the sacium and coccyx 
extending to neai the anus afioids the best exposuie to tumors of this 
legion The patient should be in the Kraske position The coccyx and as 
much of the sacium below the sacro-ihac aiticulation as is necessary for 
adequate exposuie of the neoplasm should be lemoved 

It is foitunate that a majont) of the choidomas of this legion occur in 
the lowei pait of the sacium and coccyx, as lepoited by Mixter and Mixtei, 
foi tumoi s so located aie moie accessible foi lemoval Fuithennore, it is 
the opinion of Mixtei and Mixter that a rathei wade excision of the bones, 
muscles and ncr\es of this legion should be done w'hen such is necessary 
foi the complete eiadication of the disease They have showm that the 
segment of the sacium below the sacio-ihac articulation, togethei with the 
cocci x and all of the sacial nenes except the fiist and second, can be removed 
without severe disability being inclined by the patient Boweis confhms the 
opinion of Mixtei 

Wide, ladical excision appeals logical to me, foi although these struc- 
tuies are impoitant, they aie not essential to life and well-being Hence, 
there should be no hesitancy 111 saciificing these tissues when necessaiy foi 
complete eradication of the disease, inasmuch, as only the entire removal 
of all diseased tissue offers to the patient a probability of cure 

It is an established fact that the cuie of a malignancy depends largely 
on what is done at the time of the fiist opeiation Malignancies that recui 
111a} be letaided in then giowth and spiead, but aie seldom cured by an 
additional surgical proceduie So again, I would emphasize the importance 
of making every effort to eradicate completely the disease at the time of 
the initial opeiation All lou^-giade malignancies that tend to recur locally 
require a much moie difficult pioceduie with less probability of cure fol- 
lowing the second or third excision than would have been necessary at the 
time of the initial operation 

In keeping with the teaching of my' preceptor, Di A C Scott, Si , I am 
convinced that moie ceitain, complete removal of all these low-giade lesions 

725 



GEORGE V BRINDLEY 


\nn ils of Surgcn 
Hi) 1343 


is attained by the use ot the cauteiy knife foi the cutting of all soft tissue, 
tollowed b) thoioughly baking the bone maigin after the lemoval of all 
appai ently diseased bone This pi events the tiansplantation of malignant 
cells on a law maigin of bone All legional bony cievices and foi annua should 
also be baked by the cauteiy in an attempt to destioy all malignant cells 
bun owing into these legions 

Although I am lepoitmg only two cases of low-giade malignancy of this 
legion so tieatecl w'e have found this plan of management favoiable in the 



Tic i — R oentgenogram demonstrating destruction of the loner segment of the 
sacrum and coccw, with irregulai bone margins which indicate an infiltrating trpe of 
bone malignance — chordoma 

tieatment of many neoplasms of low' degiee of cellulai activit) elsewheie 
in the body such as extensively infiltiatmg basal cell epitheliomas and 
fibiosai comas The cuie of such malignancies depends almost entnely on 
complete local excision 01 destiuction of the disease It has been oui custom 
to gauge the extent of the excision of such tumois by taking a section foi 
immediate pathologic study fiom the maigin of the excised stiuctuies 
\nv tune the fiozen section shows the line of excision appioaches 01 
extends into diseased tissue the line of excision is modified, when possible, 
and extended moie widely into healthy tissues 

REPORT OF CASES 

Case i — Choidoma A 44-veai-olcl cvhite female came to the Clinic May 5, 1941 
She stated that five jeais pi eviously she had fallen and injured her coccjx Since then 
she had been botheicd bv a giowtli beneath the skin ovei the sacium There was no 
drainage fiom the giowth 

On lectal examination, theie W'as felt a nontender, nodulai mass of restricted 
mobility It extended from the lowei portion of the coccyx up a few' centimeters beyond 
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The patient has returned regularly for observation and was last seen here 
September 13, 1944, then more than three years since the removal of the tumor At 
that time her condition was satisfactory and by physical and roentgenologic examination 
there was no evidence of recurrence (Fig 3) 

Case 2— Ependymal cell glioma A white female, age 32, was first seen here on 
June 30, 1941 For some two years she had had a swelling in the region of the lower 
portion of the vertebral column It was tender and caused a dull aching m this region 
The symptoms were aggravated b\ stooping 

On examination, a hard mass about 5 cm in diameter was present posterior to 
the vaginal vault It was found, fairly smooth, not very tender, and of rather markedly 



Fig 3 — Roentgenogram revealing postoperative resection of the loner portion of the 
sacrum and coccyx, smooth bone margins and no evidence of recurrence of chordoma 


restricted mobility Bv rectal examination it was apparently posterior to the rectum, 
about 5 cm above the Coccyx The remainder of the physical examination was 
negative Laboratory reports were essentially negative Negative findings were 
reported following roentgenologic examination of the lumbar spine, pelvis and hips 
The final preoperative diagnosis made was of a tumor posterior to the rectum and of 
probable malignancy 

On July 3, 1941, with the patient in the Kraske position, a cautery knife incision 
was made over the lower portion of the sacrum and coccyx, the incision extending 
almost down to the anus The tumor, 10 x 12 cm m its larger diameter, was 
exposed anterior to the sacrococcygeal articulation (Fig 4a and 4b) The coccyx and 
the lower segment of the sacrum were removed The tumor was well encapsulated 
except for attachment to the anterior surfaces of the sacrum and coccyx It was 
dissected from these by means of the cautery knife and then its attachments in this 
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region were thoioughlj baked by use of cauteiy The excision of the tumor was then 
completed with the cautery knife The tumoi measured approximately 7 x 5 x 3 cm 
It was smooth, fibious and encapsulated and had a bluish color on the cut suiface 
The specimen weighed 24 Gm Sections showed a veiv cellular neoplasm in which 
theic was an abundant intei cellulai stroma with many areas of degeneration The 
pathologic report was of partially degenerated and infected ependymal cell glioma, 
Grade I (Fig 5) 

She was given two senes ot loentgen therapy, a total of 2736 r being administered 
Sbe returned for observation Novembei 19, 1941, foui months following surgery 
\t that time a sequestrotomy was performed and the sinus curetted The pathologist 
lepoited that sections showed only subacute inflammatory tissue 



Tig 5 — Photomicrograph of partiallj degenerated and infected epcndjmal cell glioma, Grade I 

llie patient letuined 011 June 2S, 1943, two ycais after her prnnarj surgery, com- 
plaining of pain in the right buttock region radiating down the right tlngh By rectal 
examination there could be palpated a mass about 4 cm in diameter antenor to the 
lowei sacrum Roentgenologic examination showed extension of the malignant process 
involving the right half of the sacrum up to the level of the sacro-iliac joint (Fig 6) 
With the patient in Kraske position, an incision was made ovei the lower portion of 
the sacrum and piactically all of the sacrum below the sacro-iliac joint on the right 
was lemoved and the recurrent tumor mass, some 15 cm in diameter, y r as excised by 
means of cautery Aftei excision of the tumor, the margins of the bone and base and 
the lateral margins of the wound weie thoroughly baked with cautery A third series 
of roentgen therapy was administered, using a dosage of 1368 r 

The patient returned for observation in February, 1944, at which time a sequestrum 
was removed She w'as last seen heie in September, 1944, fifteen months after the 
excision of the recurrent malignancy At that tune her condition was fairly good 
There was no impairment of control of the bladder or anal sphincter Roentgenologic 
examination of the sacrum revealed no evidence of malignancy in the bone (Fig 7) 
Theie were no enlarged nodes over the body Rectal examination was negative 
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Case 3 — Dei moicl c\ st 1 lie patiuit, a white female, age 36, 1 eportecl to the Clinic 
T tine -9 3 9-1- Hci chief complaint was of dull, aching and burning pain in the region 
of the coecw which had been present foi appi oximately tw T o years 

Tig 6 



, tac 



Fig 7 


Fig C — Recurrence of the epcndjnnl cell glionn two tears after the primarj excision 
Fig 7 — Roentgenogram made 15 months later shows no etidence of recurrence of 

epcndjnnl cell glioma 

On physical examination, a mass 10 to 12 cm m its long axis and 6 to 8 cm 
m its transverse diameter was present posterior to the rectum and anterior to the coccyx 
and lower sacrum It was irregular, fan ly firm, of restncted mobility and not par- 
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Ucuhilv tcndci Findings of labotatory studies wete essentially negative Roentgenologic 
examination revealed the sacttim and coccyx were negative A preoperative diagnosis 
was made of a tumor of the coccjgeal legion, probably a chordoma 

She went to surgeij on Tuly 9, 1942 With the patient in the ICraske position, 
an incision was made extending from the nndsacium down to within about 2 cm of 
the anus The coccvx and a small poition of the adjacent sacrum were removed The 
tumor mass was excised In means of caulerj knife and the wound was closed with 
a dram The tumoi measmed ? 5 x 5 \ 3 3 011 and weighed 31 Gm (Fig 8) Examin- 
ation showed a multicvstic pioccss with one large space and a number of smaller ones 
filled with thick puttv-coloied material of nongreasj type The lining of most of the 
spaces was modified epideinns with an occasional accessory stiucture such as sweat 
and sebaceous glands No ban follicles weie discovered The pathologic report on the 
tissue lemoved from the saciococcvgeal region w r as dermoid cysts (Fig 9) 

1 he patient was dismissed on luly 28, 1942, and was last seen hcie August 18, 1942, 
at which time hci condition was satisfactorj 

Commtnt — In the case of the choidoma, complete temoval was possible 
because the chordoma was lelatively small Emphasis is placed on the value 
of excising wideh pnmai \ malignancies of low giade which do not tend to 
metastasize The use of the cauteiy knife for the excision is believed to 
hate been a factoi in the results obtained in this case It is my opinion that 
this patient will piobably lemain w r ell 

The case of ependymal cell glioma emphasizes the necessity of removing 
wideh all malignant tissue at the time of the pi unary opeiation Certainly a 
moi e 1 adical 1 emo\ al of the neoplasm should have been done when the initial 
operation was peifoimed Fuitheimore, even though such a patient develops 
a lecurience of disease, by a second surgical proceduie it may still be 
possible to eiadicate all diseased tissue and thereby erne the patient 
The case of the piesacial deimoid indicates that a good result may be 
expected when the complete lemoval of a benign neoplasm has been ac- 
complished 

SUMMARY 

A majority of the chordomas and ependymomas are malignant lesions 
of low r degiee of cellulai activity They tend to lecur locally rather than 
by distant metastasis Accoidmg to the histones of reported cases, most 
chordomas develop a local lecurience The opeiative notes for some of 
these cases state that all apparently malignant tissue w r as removed by a 
curette Curetting a malignant lesion larely, if ever, results in a cure 
The ideal to be attained by the suigical pioceduie is an initial, complete 
suigical extnpation of the neoplasm leaving the field free from contamination 
by transplanted malignant cells Due appieciation of adequate exposure is 
important The sacrifice of impoitant stiuctures must be accepted when 
necessary for the complete eiadication of disease Much of the low’er portion 
of the sactum, the coccyx, the lower three sacral nerves and the muscles of 
this region can be temoved without causing severe disability Recognition 
of this fact should lead to more radical pnmai y excision of the operable 
lesions The use of the cauteiy knife as the agent for the excision definitely 
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mcieases the piobabibty of leaving the field fiee of liancpLinted malig- 
nant cells Stngical ticatmcnt foi these neoplasms based on the above fads 
will lesult m a smallei pei tentage of local i etui tenet and also will definitely 
mciease the numbei of patients cuied 
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S VCRAL AND PRES ACRAL TUMORS 


Discussion — Du Giokc.i E Bennitt, Baltimoie, Md As I look over the 
audience I am cctc soire to see that so few oithopedic surgeons have come in to hear 
tins papu Ihec would learn something if thee were piesent because, by and large, 
1 think we see these c.ises carliet than the suigeons do As jou knoev, orthopedic 
surgeons are a dealing house for pain, regaidless of where the pain is It has been my 
pi allege to hace diagnosed a great many of these presacral and other types of sacral 
tumors, and I ha\e been much interested in the subject Sacral pain and pain refened 
to the buttocks often pio\es to be due to tumors developing in the presacral and 
snual region I do not think that orthopedic suigeons, or jou as surgeons, should pass 
up a rectal examination in cases with obscuie pam about the sacrum A tumor developing 
m the jiostcnor part of the sacium is a problem wduch should be given serious thought 
with regai d to diagnosis When there is indefinite pain about the sacrum with rather 
bizarre neurologic signs, or no neurologic signs, the first thing to look for is a presacral, 
sacral or cauda equina tumor Some cears ago I reported a series of cases of cauda 
equina tumors and called attention to the fact that often the first symptom noted by the 
ptnsician or surgeon is spasm of the erector spinae and hamstring muscles I do not 
think this is a subject that we can pass superficiall) 

Dr W I Mixtir, Boston, Mass This is a very interesting paper, not only that, 
but Dr Bennett has added much to the discussion by his remarks I remember his 
papu winch was read in Washington, I beliece, and which helped me a great deal 

It seems to me that Doctor Brindley has fixed our attention on a small group of 

tumors which, as a rule, are neglected until pretty late in their history He has picked 
up thiee of these, one in a cere earl) stage, for cvhich he is much to be congratulated 
Most chordomas are higher, but tins was loev enough to lend itself to complete excision 
All cou can do for most ot these is to make a hole and scoop the tumor out and they 

come back, and that is enunenth unsatisfactorj surgery He has a cure, and I believe 

it is going to be complete I wish I could sav as much I ha\e one case alive that we 
hope will be a cure, but I doubt it 

There is an mtciestmg group of choidomas of the lowei lumbar spine which 
are sometimes o\crlookcd, mail) are called hemangiomas It is impossible to eradicate 
these growths, but the) mac be treated at times b) partial excision, fusion and 
irradiation 

Dr Johx C A Gerstlr, New York, N Y I should like to report tevo cases 
The first was a man, aged 6q, a surgeon, wdio, seven years preciously had had an 
episode of left-sided pain, what he thought was a renal colic As a sequela of this 
attack he had paresthesia of the left great toe and, as tune went on, this spread to the 
anterior crural nci\e distribution Being a teacher of anatomy, he followed the spiead 
and distribution of pam eery carefully Finally, there w r as painful paresthesia of the 
entire left lowei extrenut), left testis and left half of the penis He sought advice 
fiom different climes, east and cvest and, finally, was seen in New York by a cvell 
known, careful neurologist, wdio thought he had a lesion involving the cauda equina 
Some weeks later at a neurologic hospital the cauda equina evas explored and nothing 
was found Several months later, the symptoms continuing, at lus own demand, a 
chordotomv w r as performed, however, although there w'as anesthesia to pinprick over 
the left lower extremity and left low r er half of the abdomen, he still suffered agonizing 
pain — apparently the chordotomy was not high enough 

Finall), one day the patient himself pulled on a glove, made a rectal examination and 
felt a mass, it evas a huge tumor filling practically three-fourths of the pelvis Films 
of the pelvis, made on November 11, 1939, shoeved a considerable amount of irregular 
bone destruction in the left side of the pelvis The ilium has been partially destroyed 
aboee and medial to the acetabulum The left ischium and the lateral portion of the 
left pubic ramus are also invoiced in the destructive lesion A large soft tissue mass 
is present almost filling the left side of the pelvis ” 

The patient demanded that something be done, even if it cvere an interiho-abdominal 
amputation At another general hospital, as a preliminary step, a Devine colostomy evas 
established A feev days later he had myocardial failure and died At autopsy there 
evas found “a sarcoma involving the nerves of the sacral plexus filling the left half of 
the pelvic cac ity and extending into the guteal region” — apparently a neurogenic sarcoma 
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arising from the sacral plexus It took the pathologist 45 minutes to get out the 
specimen It is doubtful whether surgical removal could have been accomplished The 
lungs were free of metastases My only connection with the case was when, after 
the tumor’s discovery, a trial (under my direction) was given the so-called frozen 
sleep — crymotherapy^ — for relief of his pain The lesult was unsatisfactory 

The second case was that of a man, age 64, who had pain only for five or six weeks 
Digital examination of the rectum showed an elastic mass in the hollow of the sacrum 
Films of the pelvis and colon, made in November, 1944, show “an irregular area of bone 
destruction approximately 4 cm in diametei situated in the lower portion of the body 
of the sacrum slightly to the right of midline A large soft tissue mass lies anterior to 
this poition of the sacrum and displaces the rectal ampulla anteriorly for a distance of 
about s or 6 cm Films of the chest show an atea of infiltration at the upper portion 
of the left hilum which appaientlv represents neoplastic involvement” 

In spite of the fact that he had obviously a long-standing involvement, there was 
only a five weeks’ history of symptoms At a subsequent exploratory celiotomy, the 
upper border of the tumor was found to be just below the pelvic brim There were 
metastatic nodules in the dome and along the free margin of the liver 

The relative larity of piesacial tumois has prompted the reporting of these two cases 
Dr G W N Ecgfrs, Galveston, Texas I had the opportunity to speak to Doctor 
Bimdley some time ago about these tumors, and I had a case which he requested me to 
mention todav, which is interesting fiom a diagnostic standpoint It was a very 
destiuctive lesion involving the sacrum The patient was a young woman who had 
been advised to have various tj pes of pelv ic operative intervention She had destruction 
of about two-thirds of the sacrum The usual roentgenograms of the chest and skull 
were made, with negative results, and she was advised to have the sacral tumor explored 
I changed the approach a little, making a Y-shaped incision with a transverse incision 
at the level of the second sacul (that is quite safe) until a positive diagnosis was made 
It proved to be a very extensne giant cell tumor from tbe sacrum itself The woman 
w'as given roentgenotherapy, and regiession of the tumor is taking place slowly One 
should be cautious m the diagnosis of these sacral tumors 

Dr G V Brindu \, Temple, Texas (closing) I appreciate these discussions because 
I know they have emph sized some verj important facts In concluding the discussion 
I w r ould stess the impoitance of a complete physical examination and particularly a 
rectal examination In a leview' of the literature it w r as observed that practically all 
these tumors had been present foi three or five years, or more, when they came to 
surgery Certainly, many should ha\e been diagnosed earlier Had this been done 
it is probable that moie w'ould have been resectable and curable 

Also, I wmuld emphasize due appreciation of adequate exposure even though it 
necessitates the sacrifice of important stiuctures, recognizing that it is better to accept 
some impairment of function and disability to obtain a cure Finally, I would urge 
the use of the cautery knife for the excision, believing that by its adoption there will 
be a definitely increased probability of leaung the field free from contamination by 
malignant cells 

* General Cr>motherapy — A Symposium Bulletin of New York Academy of 
Medicine, 2nd series, Vol 16, No 5, p 335 
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THE YTMENT OF VARICOSE VEINS BY STRIPPING, 
EXCISION AND EVULSION 

G B Hodge, M D , K S Grimson, M D , 

AND 

II M Sciiiebel, M D 

Durham, N C 

I KOM Till l>! 1 \KTMI \T OP SURfTR\ 11UKC UV1\ PRSITT SCHOOL OF MrDICINE, DURHAM N C 

' I ,li: convemionai managlmem of varicose veins by high ligation and 
In injection scleiosis although usually effective has been associated with 
ceitam complications and limitations Local slough, pei iphlebitis, allergic 
icwction, deej) \em tlnomboMS, and pulmonaiy embolism* have been reported 
In Fu\on and Ban on 1 \tlas J and otheis Painful leg edema and reflex 
\asculat spasm Occasional]} dcnelop G de Takats,* 5 Howard, 4 Faxon and 
Baiiou, 1 Ochsncr and Mahomet and Sauna 7 leport an incidence of recur- 
icnce follow mg combined saphenous ligation and injection therapy of 108 to 
23 per cent A penud \at\111g fiom seveial weeks to many months is often 
necessarx for such satisfacton injection obliteration Certain patients be- 
come di^couiaged and fail to letum foi adequate treatment The incidence 
of recui rente aftei injection alone has been between 60 and 98 pei cent (How- 
ard, Jackson and Mahon 4 and Ochsnei and Mahoiner 0 ) 

Many patients icquot piompt and lachcal coirection of varicose veins to 
facilitate mihtan 01 delcnse appointments 01 civilian activity Those with 
large vancosities ha\e usualh been tieated m this clmic during the last 27 
months b\ high saphenous ligation, \em stripping, and multiple excision or 
euilsion of \euis, undci a geneial 01 spinal anesthetic Pressure bandages 
ha\e been emploxed and eatl\ activity enfoiced This clinical matenal has 
lacihtated a reexaluation ot the effectiveness and the risk of vein stripping 
The operation has been emploxed m 195 patients One hundred and two of 
them, tieated 10 to 27 months ago, have been carefully followed and will 
be repoited below The development of the practice of extensive excision 
of xancosc \eins will hist be reviewed 

•1HE DE\ EDO I’M ENT Or THE SURGICAL TREATMENT OP VARICOSE VEINS 

The operatic e tieatment of varicose veins dates back to the time of Hip- 
pocrates, 8 who employed multiple puncture of the veins Galen, quoted by 
Aegineta 0 used a hook to tear out varicosities Local excision, ligation, in- 
cision and cauterization, pei cutaneous ligation, application of caustics to the 
skm overlying the veins, injection of various thrombosing solutions, and the 
application of supporting bandages were all descubed m the early literature 
Madelung 10 (1884) descubed an operation for “radical cure" of varicose 
veins He completely excised the internal saphenous vein and its associated 
vai icosities through a long incision over the inner aspect of the thigh and leg 
This method of treatment was employed m this country m the early twentieth 
™ ead bcforc thc Fifty-sixth Annual Session, Southern Surgical Association, 
December 5 - 7 , 1944, Hot Springs, Va 
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centur) r It was associated with embolism in 7 per cent of the patients, fatal 
111 o 7 pei cent (Bernsten 11 ) The 14- to 20-day period of bed rest associated 
with this operation probably contributed to the high incidence of pulmonary 
embolism The percentage of cures was high Schede 12 (1877) described 
multiple percutaneous ligation This method of treatment was found inade- 
quate Peterson 13 (1893) of Schede’s clinic described the procedure which 
goes by the latter’s name Circular incisions were carried down to the deep 
fascia on the thighs and legs at several levels All of the veins encountered 
were locally excised and ligated Miller 14 reported a recurrence rate of 67 
per cent A partial 01 complete Schede incision has since been employed 
only above ulcers to eradicate venous lakes and communications Trendelen- 
burg 1 '’ (1891) advocated ligation of the internal saphenous vein in the upper 
part of the middle third of the thigh and also at times just above or below the 
internal condyle Perthes 10 reported a recurrence rate of 22 per cent and 
Miller 14 obtained similar lesults in 41 patients 

Keller 17 (1905) reported a method of extirpating the internal saphenous 
and other large veins by introducing a wire loop or probe upward through 
the vessel, securing the upper end of the vessel to it, and then withdrawing 
the instrument and the invagmated vein He later combined this method 
with percutaneous ligatures and obtained satisfactory results 18 Mayo 19 
(1906) described a ling vein “enucleatoi” which he employed in the treatment 
of varicose veins The instrument consisted of a ring of steel, about one- 
quarter of an inch in diameter with a long handle The incompetent saphenous 
vein was severed high in the thigh, tlneaded on to the ring enucleator, and 
stripped down to the knee At this point the vein was brought out through 
a small incision and lethreaded tlnough the strippei The internal saphenous 
vein may be stnpped to the ankle through three to five small incisions Mayo 
also employed a partial Schede incision above “laige ulcers 

Babcock 20 modified Keller’s method m 1907, using an “acorn-tipped guide” 
which was passed down the vein segment, tied to the divided vein, and 
withdrawn Fnedel, 21 111 190S, described a more radical procedure, the 
Rindfhech-Friedel operation The internal saphenous vein was excised m 
the thigh An incision down to the deep fascia was then made below the knee 
and continued as a spiral around the leg down to the foot The veins en- 
countered wei e ligated and the wounds were packed open to heal by secondary 
intention 

The importance of the high saphenous collateral circulation was eaily 
recognized and combined with radical surgeiy Tavel 22 (1904) advocated 
high saphenous ligation above these collaterals He also occasionally injected 
phenol into the distal vein segment Homans 23 (1916) reemphasized the 
advisability of high ligation and stressed the importance of completely eradi- 
cating the internal saphenous vein and its varicose radicles by stripping and 
excision The reported results were excellent Tanner and Fields 24 ( 1927) 
finding multiple ligation or removal of short sections of veins unsatisfactory 
advocated removal of the internal and occasionally also the external saphenous 
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\cins fiojn the funoiul ling to the ankk 1 he}' used a subcutaneous stripper 
with a small olive tip at one end and a cup at the other This instrument was 
parsed thi ough the \em segment fiom below upwatd Extraction enucleated 
the \ein without imagination batisiaeloij icsulis were repoi ted Howard, 
Jackson, and Mahon,* IJoigan,"’ and others, advocated shipping from the 
saphcnolemoral t unction to the knee <md employing injection therapy foi 
the lcmaimng vnncosities Howaid, and associates 4 , stated that the complete 
opciation of st upping and excision should lie earned out when varicose veins 
ueie accompanied In meonipetenc} ot both saphenous and perforating valves 
even though the postopeiativc disabilit\ meant tempoiaiy loss of time from 
cmplov ment 

This litciatuie icview has demonstrated that ladical excision of varicose 
veins coupled with high ligation 1- eitective Multiple ligations or circulai 
incisions ha\e given pooi icsult" High ligation and radical excision, as 
recommended In Ma\o. Homans and otheis, has been employed rarely in 
iccent \cais became of the ssmk mod ptolonged hospitalization, the prolonged 
convalescence, and the ndc <n unbolt or othei complications The extensive 
hteratuie associated with the potent e of high saphenous ligation coupled with 
injection themp\ hm been omitted trom this leview Complications and loss 
of time have also occuned toliowing high ligation and injection The authors 
ha\e undertaken the pit suit stud) to reexamine the risk and the effectiveness 
of radical excision of vanum \ ems 

The practice of extensive mrgical excision 01 stripping of large varicose 
■veins has been continued In mam surgeons The lesults have been in agree- 
ment with the hteiature icpoits Injection theiapy when employed m large 
varicosities has pioduted inllammatoiy reactions occasionally associated with 
prolonged disability Repeated tieatments have often been necessary Many 
patients aie unable 01 are not willing to letuin for repeated injections 
although thc\ leqmre piompt elimination of vancosities foi military or 
economic icasons Radical removal of varicosities seemed desirable The 
authors thought that some of the disadvantages of earhei vein excision and 
stripping technics might be overcome by supplementing them with elastic 
pressure bandages and insisting upon early activity This has now been done 
in 195 patients The methods and the lesults will be reported below 

VEIN STRIPPING TECHNIC 

Patients with large incompetent saphenous veins associated with multiple 
varicosities are selected foi operation The Trendelenburg and the Perthes 
tests are employed to determine mcompetency of the superficial circulation and 
patencj of the deep circulation Edema, stasis dermatitis, and ulcers if 
piesent are treated before operation by supportive therapy and rest Certain 
ulcers that fail to heal aie compressed preoperatively in the hospital The 
course of the veins is carefully marked of? with an alcoholic solution of gentian 
violet immediately before operation A general or spmal anesthetic is admin- 
istered Ultraviolet operating room bactericidal radiation technic* is usuallv 
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Tig i — The high saphenous ligation with division of all tributaries, 
stripping of saphenous trunk in the thigh, and location of the distal vein 
through a small incision that is performed as a preliminary step m the vein 
stripping operation 
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employed The lowei abdomen, gioin, and one 01 both lowei extremities aie 
prepared with an antiseptic agent and draped The internal saphenous vein 
is exposed through a small oblique incision just below Poupart’s ligament, and 
dissected up to the sapheno femoral junction All high tributaries of the 
saphenous vein aie divided and ligated or evulsed The saphenous vein is 



Tig 2 Fig 3 

Fig 2 — The lower saphenous vein is often located at the ankle near its junction with 
the medial marginal vein of the foot and stripped upward 
J'k 3 — Tortuous and friable saphenous reins do not readih strip and maj require 

e\ ulsion 

ligated and divided a few millimeteis distal to the saphenofemoral junction 
The distal end of the saphenous vein is threaded through a small-size Mayo 
vein stripper The vein is then stripped subcutaneously to the knee and 
brought out through a short incision one or two centimeters m length (Fig i) 
The vein is extracted and rethreaded and stripped downward If the saphenous 
vein breaks, the medial marginal vein is located at the ankle and stripped 
upward (Fig 2) The entire internal saphenous vein can often be removed 

741 



HODGE GRIMSON AND SCHIEBEL 


Annals of Sureery 
Uaj 19 4 5 



742 


Fic 4 Fig 5 

Fig 4 — Dissection of localized areas of toituous varicosities is frequentl} supplemented by evulsion 
FtC 5 — A transverse incision down to the deep fascia dividing veins and avoiding cutaneous nerves 
is often employed above granulating ulcer areas 
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through foui 01 five small musions Toituous and friable varicosities often 
cannot be stnpped They aie treated by evulsion (Fig 3), 01 by dissection 
and evulsion (Fig 4) Bleeding is controlled by pressure applied successively 
to each opeiativc field Bilateial varicosities are usually removed simul- 
taneously b} two suigical teams A paitial Schede incision (Fig 5) is fre- 
quently cai 1 led out above areas of stasis dermatitis or ulcer Open ulcers are 
occasionally giafted immediate]} aftei the vein operation Blood clots are 
caiefully expressed, the wounds are sutured and dressed, and the extremities 
aie snugh wrapped with elastic bandages Active exercise is encouraged 
m bed aftei lecovery from the anesthetic The patients are usually urged 
up and out of bed within 24 hours Elastic dressings are continued several 
weeks aftei opeiation 

urn eitect or vein stripping upon 17 patients with large incompetent 

VARICOSE 1 EINS, WITHOUT COMPLICATIONS 

Seienteen patients with laige varicosities but without previous edema, 
ulcei or thrombophlebitis weie treated The opeiation w r as the initial treat- 
ment in 13 Tw'O had been tieated eailier by injection and two by high 
saphenous ligation 'Enlargement of varicose veins had been noticed tw r o to 
27 }eais, average 11, and had been piogressmg The usual complaint was leg 
fatigue Examination revealed large, incompetent saphenous veins and 
lancose tributanes The deep cu dilation w r as patent Communicating veins 
weie fiequently incompetent 

These patients were tieated by the opeiative technic described above 
They were hospitalized thiee to nine days, average five They returned to 
full actnit} between seven and 60 days, average 21 Limited activity began 
sexeral days after opeiation The only complication encountered w r as mod- 
el ate tempoiaiy swelling of one ankle in one patient Follow-up examination 
early revealed successful elimination of all varicosities Eleven patients later 
developed small vancosities that lequired occasional injections Twelve stated 
that they u r ere greatly impioved, five model ately improved 

THE EFFECT OF VEIN STRIPPING UPON 27 PATIENTS W r ITH INCOMPETENT 
VARICOSE SAPHENOUS VEINS ASSOCIATED WITH LOWER LEG, 

ANKLE, AND FOOT EDEMA 

Twenty-seven patients wuth vancose veins associated with edema of the 
foot, ankle, and low r er leg iveie treated The edema was moderate m 19 and 
severe in eight These patients gave’ no history of previous thrombophlebitis 
Vancose veins and later gradually progiessing edema had been present one 
to 30 years, average nine Twenty-one patients had been treated only by 
elastic suppoit Five had received injection therapy One had been treated 
by high ligation Examination revealed incompetent vancose superficial veins 
and patent deep veins 

These patients were hospitalized for vein stripping three to eight days, 
average six, a d returned to full activity between four and 42 days, average 
20 Parti. d nvity began m the hospital There w r eie no seiious complica- 
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tions after operation Early follow-up examination usually revealed satis- 
factory elimination of all varicosities Eleven patients later developed venous 
enlargements Seventeen of the 19 patients that had moderate ankle edema 
now have none Two have some edema, but less than before operation Four 
of the eight that had severe edema now have none Four have reduction of 
the degree of edema to less than one-foui th of that present prior to operation 
Twenty-one patients reported that they were 'greatly improved, four mod- 
erately improved, and two unchanged 

THE EFFECT OF VEIN STRIPPING UPON 30 PATIENTS WITH INCOMPETENT 
VARICOSE SAPHENOUS VEINS ASSOCIATED WITH LOWER LEG 
AND ANKLE ULCERS 

Thirty patients with varicose veins associated with stasis ulcers were 
treated Varicose veins had been observed two to 48 
years, average 15 Leg or ankle ulcers had been present 
two months to 42 years, average seven and one-half years 
All patients leceived treatment before vem stripping, 
varying from bed rest and support through boots, in- 
jections, and in five saphenous ligation T venty-two also 
had definite lower leg and ankle edema Examination 
revealed incompetent saphenous veins and patent deep 
veins Nine ulcers were open at the time of vem stripping 
These weie skin-grafted immediately after operation m 
eight patients and befoie in one Postopei ative boot 01 
elastic support was employed for several months 

The period of hospitalization ranged from three to 53 
days, average eight and of partial disability from seven 
to 120 days, average 36 Early postoperative examination 
usually revealed that all demonstrable varicosities weie 
eliminated Thirteen patients later developed small vari- 
cose veins All ulcers initially healed Twenty-four have 
lemained healed since elastic or boot support was dis- 
continued Six have recuired and required further treat- 
ment Some edema lemained in nine of the 22 patients 
that had edema befoie operation Twenty-two patients 
stated that they were gieatly improved, six moderately 
improved, and two unchanged 

THE EFFECT OF VEIN STRIPPING UPON 22 PATIENTS WITH A PREVIOUS DEEP 

OBSTRUCTIN', G THROMBOPHLEBITIS 

Twenty-two patients that gave a history of an old deep thrombophlebitis 
beginning with marked inflammatory reaction and edema of the entire leg 
were treated The thrombophlebitis was related to pregnancy in nine, ab- 
dominal operation in six, trauma in two, typhoid in two, Rocky Mountain 
Spotted Fever m one, pneumonia m one, and an unknown cause in one The 
onset of thrombophlebitis preceded the vein stripping by three to 40 'years, 
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Fig 6 — The 
usual degree of en 
largement of in 
competent super 
ficial varicose veins 
treated in 17 pa 
tients by vein strip- 
ping and followed 
for the late effect 
of operation 
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I'ig 7 
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Fig 9 


Tig 7 — i he tisinl degree of enlargement of incompetent varicose veins and edema treated in a; 

patients bj vein stripping 

Fig 8 — The usual degree of enlargement of incompetent varicose veins and the usual type of ulcer 

present in 30 patients treated by vein stripping 

Fig 9 — The usual degree of leg edema present at the time of vein stripping in 22 patients that had 

a previous deep obstructing thrombophlebitis 


745 



HODGE, GRIMSON AND SCHIEBEL 


Vnnals of Surgen 
\f a > 19 4 5 


average 16 Two patients had noticed varicose veins before the thrombo- 
phlebitis The remainder developed varicose veins and complications late 
after the thrombophlebitis All patients had leg edema Sixteen had had 
ulcers eight months to 30 yeais, average 10 years All patients had been 
treated by bed rest, supportive boots, or injection therapy, and seven had 
had in addition high saphenous ligation The tourniquet tests revealed 
incompetent superficial veins and patent or probably patent deep veins Nine 
patients had open ulcers at the time of operation 

The period of hospitalization for vein stiippmg ranged from five to 
19 days, average eight The period preceding return to legular activity 
ranged from five to 90 days, average 3 7 Ten of the 16 ulcers have remained 
healed since operation Six have recurred in spite of continued conservative 
care The leg edema has disappeaied in 13, decreased in five, and remained 
unchanged in four Small new varicosities have developed in 13 patients 
Thirteen of the patients stated that they were greatly improved, eight mod- 
el ately improved, and one unchanged 

THE EFFECT OF VEIN STRIPPING UPON SIX PATIENTS WITH LARGE INCOMPETENT 
VARICOSE SAPHENOUS VEINS AND MISCELLANEOUS COMPLICATIONS 

Two patients entered the hospital with bilateial large incompetent varicose 
veins present many yeai s and complicated during the pi eceding week by the 
development of a clot 01 phlebothrombosis, six 01 seven inches long, in the 
dilated saphenous trunk of one leg This developed just above the knee in 
one patient and just below in the other Inflammatory induration was present 
about the clot and lower leg edema had begun Deep veins were patent Both 
patients were treated by bilateral high ligation and vein stripping The 
clotted areas were partially stripped, partially dissected, and partially evulsed 
The patients were out of bed within 24 hours The areas of excision of the 
phlebothrombosis healed quickly Lower leg edema did not recur 

One patient was treated for varicose veins that had developed m edematous 
ulcerated legs during 25 years of intermittent and varied treatment of a severe 
burn of both legs Numerous skin grafts applied to the several ulcers had 
disappeaied following return to activity Bilateral vein stripping followed 
immediately by skin grafting effected complete early healing One year later 
the ulcers and the edema had recui red 

Three patients with definite familial and congenital edema of the lowei 
legs associated \Vith enlarged incompetent varicose supei ficial and patent deep 
veins were treated by stripping The edema, late after operation, was un- 
changed in one patient, somewhat increased in one, and improved m one New 
large varicosities developed within a year in each patient 

SUMMART 

One hundred and ninety- five patients with large incompetent leg varicosities 
have been treated during the last 27 months employing high ligation, vein 
stripping excision and evulsion of veins, pressuie bandages and early ac- 
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tint) This piocedme was applied simultaneous]) to both legs m 147 
patients, to one leg only m 43. and to one leg with high saphenous ligation ol 
the other 111 fne Tlieie has been no opeiative and no late mortality from 
the procedure 01 iiom complications of vaiicose veins Clinically recognizable 
pulmonar) embolism did not occur 

A few patients developed suigical complications One obese patient had 
a caidiac decompensation and oliguria that responded to treatment within 
one week One had a laige inguinal incisional hematoma that subsided 
spontaneously Fne patients among 25 opeiated upon until open ulcers and 
otlieis with some degiee of stasis deimatitis developed subcutaneous local- 
ized abscesses that icquned tieatment The transverse Schede incision, 
when emploved ficqucnth opened and healed by secondary intention 
Occasional patients de\ eloped small Jiematomas in the subcutaneous defects 
produced b) the stripping These absorbed spontaneously 

One bundled and two oi the 195 patients treated between 10 and 27 
months ago have been carclulh followed and reexamined They have been 
described abo\c m fne sepai ate groups In all groups demonstrable vari- 
cosities have been eliminated h) the operation except for occasional over- 
looked variocose tnhutanes Small new varicosities appeared later m 51 of 
the 102 patients \ tew ot these became large enough to require treatment 
b\ limited suigical excision oi by injection Lower leg, ankle, and foot 
edema was piesent m 77 patients Late examination revealed no edema m 
49 improvement m 21, no change in 6, and increased edema m 1 Lower 
leg or ankle ulcers piesent in 47 patients responded to preopeiative treatment 
in 28 and wctc open and skin giafted at the time of operation m 19 Thirt)- 
fotir ha\e remained healed since operation and 13 have recurred although 
t educed m size Seventv-one patients stated that they were greatly improved, 
24 that the\ weie model ateh improved and 7 that they were unimproved 
Recent!) the \em stripping piocedure has been extended to include pa- 
tients until less advanced pathologic change The period of hospitalization 
m this group was 3 or 4 da>s and the period of limited activity 7 to 10 days 
The results were unifoimly satisfactory 

CONCLUSIONS 

High saphenous ligation, vein stripping, and either excision 01 evulsion 
of veins combined with pressuie bandages and early activity lias proved 
effectn e m the treatment of a group of patients with advanced pathologic 
change associated with large varicose veins It has, m the opinion of the 
authors, been more effective than ligation and injection therapy used earlier 
m patients with similarly advanced pathologic change Although the opera- 
tion has exposed large areas of skin and was often carried out in the presence 
of granulating open ulcers, it has been performed with a low rate of infection 
Pressure bandages and early activity may account for the absence of pul- 
cm holism 01 deep vein thrombosis The appearance of new small 
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varicosities in one-half of the patients within the short period of observation 
covered in this report suggest that some defect of the remaining veins or 
abnormality of circulation must exist that is not entirely corrected 
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DjscU'.mon — Dk How mu) M \110RM k New Oi leans, La I want to congratulate 
Doctor Grim son on 1 m lesiihs He has certainly carefully tabulated and evaluated these 
and no one could expect better results I cannot, however, agree that stripping is 
\cr> often indicated It is general!} known that high ligation alone is not the entire 
treatment tor \ancose veins, and that multiple ligations and segmental excisions arc 
frequenth indicated 1 think the tvpe of operation chosen must be adapted to the 
case in cpiestion and one should not expect too much in the absolute prevention of 
an} evidence ol recurience such as mild ectasias Doctor Gnmson found some mild 
evidence 01 recurrence m an appreciable percentage of their patients This simpl} 
emphasises the tact tint h\ Mirgei \ one can cure the varicose veins but not the tendenc} 
to varicose veins Moieovct no tvpe ot operation establishes the normal physiology 
Some of mv friends have -poken to me favorably of stripping, and I do not disagree 
that it might he an advantage in certain eases However, I prefer to divide the operations 
indicated into five tv pcs depending on the degree of varicosity and the complications 
(slide) In the first group, sometimes with large varicosities when the retrograde flow 
is onlv through the saphenous a single ligation is all that is necessary If the patient 
is past middle age, he will not develop varicose veins again, if he is younger, he may 
It there is retrograde flow from the deep to the superficial veins below the mam opening 
of the saphenous an additional ] mat ton above the knee is necessary In some instances, 
if the varices are large ixomoii ot segments is indicated, sometimes even on the outer 
side of the thigh \\ lien vamose veins are extremely severe and retrograde flow occurs 
.at various levels m the leg these leaks ma} be determined by the comparative tourniquet 
(Mahorner-Ochsiicr) test In such cases one should attempt to stop such abnormal flow, 
and it is not feasible to tie oil each little communicating vein Just remove the segment 
into which the} aie leaking It is sometimes essential to cut out scarred areas m the 
region of the ankle and regraft that particular part 

I am sure stripping of the veins should never be forgotten because it has merit in 
some cases, hut the point 1 wish to make is that no one operation should be used and 
adapted to all the cases one encounters 

Dk H M Sc ii imih Durham NCI would like to say a few words about our 
work along this hue I have been much interested in varicose veins for about 13 years, 
since I was put 111 the \ cm Clinic at Baltimore some }ears ago and had to dress ulcers 
all morning time after time We became awfully tired of this, and I am sure every 
one here has had about the same experience From that time on I have been consistently 
interested m something that would cure these people I do not think we wish to say, 
however, that we have found something which is completely curing these patients We 
have used a series of different methods m trying to cure them We have tried high 
ligation, multiple ligations, removal of segments, and stfll do these procedures on 
patients’ when wt think these operations will eradicate the pathologic condition We do 
fed, however, that the old operation of stripping these veins, which was almost completely 
discarded, should be given more attention in treating some people who are really bad 
varicose vein patients 

We have learned something else from this procedure There have been many theories 
about the formation of varicose veins and we do not know the cause, but we have learned 
one thing by actually cx-aminmg the long segments removed We have seen that there is 
a remarkable absence of the normal number of valves in these veins Our pathology 
department reports that these patients have from one-fourth to one-sixth the normal 
number of valves, and this may be something added to our knowledge of these patients 
In our follow-up we notice that we see little spots appearing here and there, more 
often m the young than in the old On the other hand the results are better in the 
young with severe varicose veins than m the old patients, for the reason that there 
has been less edema and, therefore, little or no pathologic change in the skin and 
subcutaneous tissue 
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With regard to hospitalization, we have frequently heard the comment by the pro- 
ponents of simple ligation and injection that it is not necessary to hospitalize their 
patients We want to sa\ that it has not been necessary to hospitalize ours very long 
Some of our house officers and nurses have had veins treated by this method and thev 
arc back working earh One nurse went back in four days , she did not work full 
time, but did some of hei work and did not wish to stay off dut\ She was not 
uncomfortable, and she wanted to move about 

Du Keith S Grimson, Durham, N C (closing) The comments of Doctoi 
Wahorner and the illustrations of his technics for surgical excision of varicose veins art 
welcome Large localized varicosities may well require excision Vein stripping and 
vein evulsion as employed in our study is a rough rather than a precise form of surgery 
It has, however, facilitated elimination of extensive varicosities not easilj accessible for 
nice dissection Injection therapy used earlier for large varicosities was associated with 
foreign body reactions and other complications more troublesome than those associated 
with vein stripping 
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FROM T1U WALTER KLFD GLNERAI HOSPITAl ARM! MEDICAL CENTER WASHINGTON, D C 

The residual disability following any severe injury to an extremity is 
just as often due to loss of function of the soft parts as to malunion, nonunion, 
or infection of the bones Malunion can usually be prevented and is not 
difficult to coriect Nonunion can be overcome by bone grafts even when 
there has been considerable loss of bone Infection can be prevented or 
eliminated b\ sulpha diugs and penicillin provided sound surgical procedures 



Fig r — Drawing illustrating adhesions between quadriceps and adjoining muscle 

have not been neglected Soft-part injuries heal lapidly as compared to frac- 
tures but complete restoration of normal function is rarely attained Plastic 
surgery has accomplished wonders m coriectmg deformities due to extensive* 
skin loss but when tissues with very specialized functions are replaced or 
surrounded by scar tissue, considerable loss of function is inevitable 

Reducing scar formation to a minimum is the secret of success m nerve 
suture and nerve grafting Restoration of function m a repaired or trans- 
planted tendon can never be obtained if there is scarring between the tendon 
and the surrounding structures 

* Read before the Fifty-sixth Annual Session of the Southern Surgical Association 
December 5-7. *944. Hot Springs, Va 
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Fig 2 


Fig 3 






Fig 4 


> Fig s 


Fig 2, 3, 4, 5 — Illustrating the steps in the operative procedure 
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When one considers that the fundamental characteristic of a muscle is its 
power to enlaige in its tiansveise diameter while it shortens m length, it is 
obvious that anv scan mg 01 fibiosis eithei m or around a muscle will so 









*1 




> / 
- / 


Tig 6 — Illustrating degree of flexion obtained 



Fig 7 —Illustrating amount 
of extension 

effectively reduce its activity that the range of motion m the joints controlled 
by the muscle will be drastically curtailed or even eliminated The excision 
of the scarred portion of a muscle or the isolation of a normal muscle from 
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suiioundmg scar tissue will often lesult in marked improvement in both 
active and passive motion of the joint controlled by the muscle The prin- 
ciple of excision 01 isolation of scar tissue can be used in any part of the body 
The motion picture which follows shows how it can be applied to the extensor 
mechanism of the thigh 

The shaft of the femui is almost completely suriounded by the vastus 
lateialis, vastus medialis, and vastus intermedius Any injury to the thigh, 
especially a compound fractuie due to a missile injury, will cause scarring 
and fibrosis m one or moie of these muscle bellies The loss of extensibility 
of any of these muscles will effectively limit knee motion bv anchoring the 
patella to the femui Manipulation in an attempt to improve flexion is very 
apt to lesult m fractuie of the patella The rectus femons muscle is more 
supeificial than the rest of the quadriceps and often escapes mjuiy It is 
longei than the other components of the quadnceps mechanism and can be 
dissected away fiom them without destioying its neive and blood supply 

In the operative procedure to be shown the scaried vastus intermedius is 
excised The knee is then flexed to 90 degiees, or beyond, without lengthen- 
ing the lectus femons muscle If either of the remaining vastus muscles is 
badly scaired it is isolated fiom the rectus femons muscle by making a new 
inteimuscular septum of soft tissue The intact rectus femons penults earlx 
active motion and is the leason why most of these patients have regained 
full active extension 

Nineteen patients have been operated upon with very satisfactory results 
in all, as far as increase of flexion is concerned Two of these patients with 
extensive scarring of all components of the quadriceps muscle, including the 
rectus femons, have not regained full active extension This could scarcely 
have been expected 

This punciple of radical excision of scarred muscle and isolation of active 
muscle from scar tissue has also been applied to the shoulder, elbow' wrist, 
and calf 


CONCLUSIONS 

1 Excision of scar tissue from a muscle mci eases the extensibility and 
contractility of the remaining muscle 

2 The interposition of normal tissue between normal muscle and scar 
tissue allow's the muscle to function more effectively 

3 The application of these tw'o pi maples to thigh mjuiies lesults in 
remarkable improvement in knee function 


Discussion — Dr George E Bennett, Baltimore, Md Of course you all under- 
stand it is a great pleasure for me to open the discussion on this paper Lengthening 
the quadriceps is one of mv babies I did my first case in June, 1917 — about 27 years ago 
The operation was simply the application of an old surgical principle in a new location 
Colonel Thompson’s quadricepsplasty is again the application of an old surgical principle 
He selects a type of injury of the femur and muscles which results in tying down of 
the vastus intermedius and by removal of the scarred area the leg can be flexed to 
approximately 90 degrees without disturbing the rectus muscle and speeds recovery to 
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full extension ot the knee joint, which has been one of the drawbacks in quadriceps 
lengthening I ha\e made some modifications m the original technic described and 
practiced m selected cases It must be borne in mind, howe\er, that Colonel Thompson’s 
tuioplastj is not applicable to muscle shoitemng in the lower third or upper thud of 
the icinui 1 should like to congratulate him on this splendid paper 

Dk P \i. 1 B \I eoxusox Chicago, 111 11ns papei ol Colonel Thompson’s, with 
pi osculation ot Ills nuthod ot kngthemng the quadnecps, has been extremely interesting 
It would lx mtoimatiee if eec could go into the. causes which bring on the necessity 
101 the opuation tksmbed bv him I tannol resist saying that incision thiough the 
middle of the quudiutps is the cause m most cases and that in most instances the opeiation 
should ne\ei haei been neccssan 

I could not lxl]) notiemg that the manipulation was lather aggressively performed, 
but I know that Colonel Thompson is \oiy careful about this manipulation, and that 
it is done slowh under ecie well-controlled force If it is not, there is serious danger 
ot fracturing the tcmui just aboee the condoles, especially if the leg has been non- 
weight-bcarmg tot some time and there exists the atrophy of disuse Overzealous 
manipulation is to he aeoidcd 

I think Colonel Thompson’s adaptation of Doctoi Bennett’s original procedure is well 
thought out and well executed 

Lt Coi 1 C 1 jiomi’sox Vi ashington, D C (closing) I wish to thank Doctoi 
Bennett md Doctor Magmisoii tui their remarks I do not claim any originality for 
this procedme, but the tact that part of the muscle tan be left intact does help a 
great deal in earl\ restoiation of t unction So fai as the cause of a stiff knee is con- 
cerned, I think there will he some limitation of knee motion following a fracture of the 
femur no matter what form of treatment has been used In my experience, there is 
more stiffness tollowmg multiple pm fixation than any other type of treatment It is 
practical!) impossible to put a pin into the femur without going through the quadriceps 
Although these patients do mmc their knees, they do not move through a full range 
There is aleeaes some fibrosis and consequent restriction of motion Most of the cases 
m these series haee resulted from see ere compound fractures, usually with extensive 
soft tissue injure Some haee had loss of muscle, draining sinuses, and scars, which 
haee requntd a number of opeiations to obtain healing In such cases one must do what 
he can with eehat is left We could go on and on about the correct treatment of fracture 
of the femur, but that is not our thesis today 
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Foreword I deem it particularly fitting that I should pay a tribute to 
the memory of Dr Hermann Bertram Gessner, who was first my intern, then 
my assistant, later my colleague and for fifty years my loyal friend 



Doctoi Gessner's professional career began as an intern at the Charity 
Hospital of New Orleans in the fall of 1895, when he was assigned to my 
service in the surgical division of the Tulane University, to which I had been 
appointed chief that year, as the newly elected Professor of Suigery The 
professional relations there established continued as an uninterrupted and 
warm friendship foi over half a centuiy when his untimely death on August 
31, 1944; severed the link that for so many years had united our interests in 
the same tasks, whether in the clinic, at the bedside, in the classroom or in 
the opeiatipg theatei In these relations, the official differences in rank and 
age as between Chief and Intern, Professor and Student, Senior and Junior, 
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played no part, because lines ot demarcation were never visible m an asso- 
ciation characterized In mutual affection and respect* 

* * * 

Hermvnn Bertram Gessner was born in New Orleans on Febiuan 
19. 1S72 His father, George Gessner, born m Bavaria, came to Amenca in 
J S 53 As a student at the University of Wurzburg, he participated in the 
uprising foi a Constitution that took place m Germany in 1848 From 1853 
to 1907, Professoi Gessner taught the classics and German in New Orleans, 
with the exception of his period of service 111 the Confedeiate States Army 
with the Washington Artillery, from 1862-1865 While his teaching was 
principal!) in the form of coaching puvate pupils, he taught also in several 
schools, including Tulane University which, m 1906, gave him the degree 
of LL D Doctor Gessner’s mother, nee Josephine Nicks, came to New 
Orleans from hei native city of Bremen in 1850, when she enteied the school 
of the Ursuhne Convent 

After attending various private schools, Doctor Gessner enteied the High 
School of the University of Louisiana, which was soon to become the Tulane 
Unnersit) In iSSq, he received the degree of A B “with distinction” In 
rSgi, that ot A M Also, in 1889, he shared the Judah Touio Medal foi 
Greek with another classmate During this period, he became a chartei 
member of the Louisiana Alpha Chaptei of Phi Delta Theta Latei, he was 
elected a membei of Phi Beta Kappa After two years 111 the Medical School 
of Tulane, he entered the Chanty Hospital as lesident student and ambulance 
surgeon, one of six successful aspnants out of forty m the annual com- 
petitne examinations 

As an undergraduate intern, he showed so much efficiency that he was 
appointed “Chief of Clime” (equivalent, at present, to clinical assistant) in 
my service at his giaduation 1895 In this position, Gessner soon developed 
the qualities of system, method, and precision which had distinguished his 
father, the famous Professor Gessner as a teacher of languages in New 
Orleans In fact, Hermann the son w r as a lemarkable example of the 
transmission of hereditaiy traits and aptitudes, for, even as a school boy, he 
had already acquired a veiy coriect knowledge of German from his fathei 
and almost as good a knowledge of Fiench fiom his mother, who, though 
a native German, had been educated in Fiench at the Ursuhne Convent m 
New'- Orleans Besides an unusual linguistic memory, Gessner had been 
thoroughly drilled m the pi mcipies of language and the fundamentals of 
grammai by his father, a rigid disciplinarian m the study of basic philologic 
principles, as became a professoi brought up m a German university With 
grammar as a key, Gessnei acquued Spanish and the rudiments of the 

* Doctor Gessner was the first in a long iist of young men who gave me the benefit 
of their service, their loyalty, their talent and the vigor of their youth m helping me to 
discharge my mission as a teacher of surgery during the 32 years of my professorship 
at Tulane For all these, In mg and dead, I retain ever-green and grateful memories 
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Romance languages with ease, an acquisition which in latei years served 
him in good stead by developing a clientele among the Latin- American residents 
of this city His philologic aptitudes were also a great help to him by his 
mastery of German, which had become so essential to Medicine at the time of 
his graduation The Germanoplnle wave which had begun after the Franco- 
Prussian wai (1870— 71) had gamed great momentum during the Bismarckian 
period, sweeping over the medical hteiature and thought of this country and 
centralizing all postgiaduate medical education in Vienna and Berlin, the 
dual Mecca of all medical giaduates who could afford to travel During this 
period, German was at a premium and Geiman teachers and tianslators were 
m demand No scientific article seemed complete without a reference to the 
current Geiman literatuie Eveiy young wntei who aspired to scientific recog- 
nition had to show his pioficiency in research by his fluent citations of the 
Zentralblatts Jahisbenchts, Beitrages, Wochenschrifts, Archives, Ergebmses 
Sammlungs and the what-not of the elaborate catalogue of the classified 
periodical Geiman literature In fact, no man was w-oi th talking to on am 
scientific subject if he could not quote German authority Those wdio could 
not were antiquated or out of date All this was before 19T4-191S when the 
Americans learned that they did not have to cross the ocean to worship 
in Aesculapian shnnes Fiom this viewpoint alone, it is evident that Gessner s 
thorough masteiy of German was of incalculable advantage to him, not 
only by adding considerably to his academic height among his scientific 
friends but by notably increasing the circle of his clientele 

Despite his attainments in the humanities, Gessner never obtruded his 
superior knowdedge and culture except on rare occasions wdien some obnoxious 
bombast in the class needed a fine needle-prick to deflate his bulk, a few 
murmured wmrds quoted from Latin or Greek by Gessner sufficed to collapse 
the balloon 

He was elected demonstratoi m the laboratoiy ot operatne suiger) in 
succession of Dr W S Bickham, the very capable fiist incumbent in this 
department, whom Gessnei had assisted for tw y o sessions Fiom demon- 
strator he was soon promoted to the professorship of Opeiative Suigeiy, serv- 
ing in this capacity from 1900 to 1907, when he w^as elected professor of Clin- 
ical Surgeiy, w'hich he held untif September 1, 1936, w'hen compelled to resign 
by ill health He w r as my senior assistant in the operating room at Chariti 
Hospital and at Touro Infiimaiy from 1895 to 1905, after which he became 
senioi associate suigeon on the visiting staff at the Touro Infirmarj — a 
position which he retained until 1936 In 1889, he took a very active interest 
m the teaching of oral surger) at the New Orleans College of Dentistry, latei 
the Dental Depaitment of Tulane University, which he had largely helped 
to organize 

In 1905, he spent several months studying the histology of tumors with 
Doctor Bloodgood at Johns Hopkins Hospital In 1907, he studied in 
London, chiefly in the clinics of the West London Hospital 

Despite the great demands made on his time by his teaching and hospital 
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duties and using piactice, he contnbuted many valuable papers which weie 
latgely lead at the pioceedmgs of the local parish, state and legional 
societies These weie laigely based on the obseivations and expenences that 
he shaied with me as my senioi assistant at the Chanty Hospital and at 
1 ouro Infiimaiy Quite apait, and in addition to, the regular routine of 
appendicectonues heinioplasties, gallbladdei and stomach operations, he took 
special mteiest m the tieatment of aneuiysms, in which he became an eaily 
pioneet In following closely in the w r ake of my opeiations m wffiich he 
pai ticipated as my assistant In this way, he became an expeit m the technic, 
as shown by his papei entitled, “My Expenences in the Matas Operation 
of Endo-aneui) smoi 1 haphy” (New 7 Oi leans Med & Suig Joui , 67 , 598, 
Januaij 1915) in which he repoited seven opeiations for aneuiysms of the 
lowei extiemities, including thiee cases of aiteiiovenous fistula, without a 
death 01 disability attnbutable to the opeiation He w 7 as the first suigeon 111 
Louisiana to lepeat my expenence and lesults in endo-aneui ysmoii haphy foi 
aitenal aneuiysms (June 20, 1904) and in the cure of ai tenovenous fistula 
( Ma\ 30. 1908) by the Matas-Bickham tiansvenous technic, as descnbed 
in the Anx \ls or Surgery, Mai, 1904 

His “Expenence with the Matas-Allen Aluminum Band as a Test of the 
Collateial Circulation in the C11 cle of Willis ' in dealing until the ligation or 
occlusion of the common and internal carotids (Southern Med Jour, 5 , 
^07-31, June, 1912) was a veiy conclusive demonstiation of the practical 
laltie of the baud in giving timely notice of acute ceiebial ischemia follownng 
the occlusion of the aiteiy This papei and his lepoit of cases of elephantiasis 
and h mphedema as a supplement to my first papei on the kondoleon opei ation 
as applied to nonfilanal elephantiasis ( 1913) were the outcome of our collaboia- 
tion at the Touro and at Chanty Hospital Apait fiom this, the subjects of 
Ins papers w r eie largely suggested by his obsenations and reflections on the 
diseases most frequent in our southern subtiopical envnonment as exhibited 
m mu laige Negro sei vices at the Chanty Hospital, namely, abscess of the 
livei, elephantiasis nostras, ainhun, actinomycosis, and the pioblems of surgical 
tubeiculosis, cancel, tetanus, tiaumatisms of the bones and joints, gunshot 
wounds of the heart, chest and abdomen His teachings as demonstiatoi 
of operative surgery also led to his special attention to the methods of local 
and legional anesthesia which w 7 ei e such a distinct and absorbing feature 
of our clinic in the fust thiee decades after Koller’s discoveiy of cocaine 
(18S4), transfusion, methods of amputation aithioplasties, plating of fiac- 
tures and skin giaftmg, which aie all 1 effected in his “Laboratory Guide,” 
published in 1906 He also did expenmental work on the cuculation of the 
testis m connection with ciyptorchidism and the opeiations for its coirection 
(1912, 1913) It is 1 emarkable that with Ins gieat ability for bibliographic 
lesearch, the list of his publications is not moie extensive, amounting to about 
eighty-five papers and addresses, wdnch appear in the transactions of the 
local, state and regional societies of which he w r as a membei The} are almost 
all contained in the official journals, the New 7 Orleans Medical and Suigical 

759 



HERMANN BERTRAM GESSNER 


\nn of Surgcr> 
May 1945 


Journal, the JAMA, the Ann\ls of Surgery, Southern Med Jour, 
and others t Gessner’s aim m writing was very much as his oral teaching — 
chiefly dnected at lucidity, brevity and coriectness, without display of orna- 
mental bibhogi aphic audition This anomaly in a man of his scholarly taste 
is accounted foi, partly, by the fact that bibliographic lesearch was very 
expensive m New Orleans in the earlier years of his practice The local 
library was veiy scant in texts and periodicals (the German especially) for a 
young doctor struggling for a living and canng for the needs of a growing 
family In fact, to do any work of consequence required frequent visits to 
the Surgeon General’s Libiary at Washington, which was time-consuming 
as well as expensive — all of which accounts for the general penury in the 
medical* literatui e of the South fiom the end of the Civil War to the first 
decade of the present century In addition to these obstacles in Gessner’s 
case was the consciousness of his cardiac disability at a time when he could 
have contributed much more of his mature learning and experience 

As a suigeon, Gessner’s excellent anatomical and technical foundation 
made him accurate, deliberate and safe , bold when necessary, but not adven- 
turous Always keenly sensitive of his 1 esponsibility to his patients and, as 
an honest teacher to his students, he gave much time to the preparation and 
after-care of his patients Naturally reserved and seiious-minded, he never 
indulged m levity or coarse remarks , he gave dignity to the operating loom and 
to surgery without pretentious solemnity He was uniformly kind and gentle 
to all his patients, the Negioes, who contributed the bulk of his surgery at 
the Charity Hospital, always rejoiced when he made his rounds He had the 
human touch and eained loyal friendships from the humbler lanks of life 
As a teachei, simplicity, method, clarity, precision gave special value and 
impi essiveness to his lectuies and demonstrations as well as to Ins discussions 
at the meetings of the medical societies 

Activity in medical organization characterized Doctor Gessner’s pro- 
fessional life from the first He was a member of the Orleans Parish Medical 
Society (Piesident, 1902), Louisiana State Medical Society (President, 
I 93° _, 3 I )> Southern Medical Association, Fellow of A C S and for twenty- 
seven years a Fellow of the Southern Surgical Association All of these so- 
cieties particulaily of the City and State, show in their proceedings distinct 
evidence of his animated and unfailing participation in their work Deeply in- 
terested m the Charity Hospital and in the efforts of the Visiting Staff to secure 
recognition in the management of the professional side of the Institution, he 
was Chairman of the Confeience Committee of the Visiting Staff from 
I9I3-I9I5 

He served, as an acting Assistant Sui geon, U S Ai my, in the Spamsh- 
American War of 1898, and as Fust Lieutenant m the Reserve Medical Corps 
of the U S Army in 1916, on the Mexican Border There were also two 
temporary Service connections with the U S Health Service in 1897 and 

* A complete chronologic bibliography, with copies of reports, are available at the 
Rudolph Matas Library Medical School, Tulane University of Louisiana 
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m the histone antimosquito campaign of 1905 which put an end to all yellow 
fever visitations in New Oileans 

Ever conscious of his duties as a citizen, he unfailingly qualified as a 
vote! b} legislation and payments of poll tax, he cast his vote m every 
contested election , sti ong m his convictions, always in the lead as a supporter 
of good government and of eveiy civic and cultural movement that tended to 
ad\ance the welfaie of the community 

Long-time a membei of the Unitarian Church, he was a devoted worker 
111 its fold and held practically all the offices, including the presidency, that 
the congregation could give to its communicants Deeply religious in a 
reverent, cosmic sense, and a libeial and humanist, as said by his Minister 
at his obsequies, “Theie was no dogmatism in his religion, instead, there was 
toleiance and meicy and tenderness and justice” 

Caidiac disease, the tiagedy of his life, came relatively early at the age 
of 57. in 1929 to influence lus career by imposing a disability which ultimately 
robbed him of a full decade of activity in his profession and of the most useful 
tears of service to the community 

A ruptured appendix and peritonitis, complicated by a widely diffused 
thiombophlebitis came m 1935 to add new burdens to the crippling effect of 
his preuous cardiac disability, compelling him to letire altogether from 
practice and resign all his piofessional appointments In 1936, a year aftei 
this event, the Faculty conferied on him the title of Emeritus and the 
Chanty Hospital and Touro Infirmary that of Consulting Surgeon Despite 
his disabilities and compulsory rest during the ten yeais of his retirement, 
he kept in touch with the literature of the profession and especially its all- 
absorbing social, economic and legislative problems Fie found great recrea- 
tion m the company of his friends and those who assembled regularly at 
the Round Table Club, of which he was president (1937-38), where he 
promoted and shaied the spmt of good fellowship to the veiy end 

Another side of his life was known only to his close friends He loved 
the outdooi life and enjoyed the opportunities that his retirement gave him 
to indulge m fishing — his favorite sport — which had been denied him m the 
busy days of his practice The folklore of the bayous and of the swamps 
which he gathered on Ins fishing trips interested him, and the comrades 
who accompanied him brought back stories of “the grand old man who would 
sit listening to the swish of the water and talk about the stars ” 

His illness, which had been fairly well tolerated during the years of his 
retirement, grew lapidly worse m the last few' months before his death, 
culminating in violent attacks of angina pectoris, winch ended fatally m the 
afternoon of August 31, 1944. At the autopsy, which w^as held m accord 
with his long expressed wish to his wife, the presence of a large organized, 
paitially calcified muial thrombus was revealed m the left ventricle, which 
partly filled the ventriculai space The thrombus had followed a cardiac 
infarct in the ventricular wall at the time, no doubt, when he felt the first 
pam of angina fifteen years before Ins death There were also evidences 
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of coronary disease and of othei secondary visceral lesions but m the 
opinion of his physicians and pathologists (Drs Randolph Lyons, Lawson, 
and Friedrichs) who performed the autopsy, the thrombus was the pnme 
cause of his death His tolerance of this remarkable concretion for so many 
years was m itself a valuable contribution to the pathology and prognosis 
of heart disease, it fully justified his insistence on a postmortem investigation 
Also, as evidence of Doctor Gessner’s calm and deliberate contemplation of his 
approaching end was his request that his remains be cremated and his ashes 
strewn on the giound where his father had been buried thnty-seven years 
before him 

Thus ended Dr Hermann Bertram Gessner, a fine, intellectual and 
honored citizen, an excellent surgeon and a teacher of genuine distinction 
in his art, a scholai of high attainments whose merit will always be remem- 
bered by the thousands of the students and others who profited by his knowledge 
and example during the forty years that he was a teacher in the schools 
Personally, as I knew him, he was the incarnation of honesty, absolute in- 
tegrity Incapable of insincerity or of shallow snobbish pretensions, always 
affable, approachable and self-contained but never exuberant, he was very 
firm in his convictions which were not easily displaced once he had arrived 
at them He possessed a quiet dignity without austerity, which commanded 
confidence and respect of his colleagues and laymen alike It has been 
well said that Doctor Gessner’s personal friends were as numerous as his 
acquaintances and his death has brought sorrow' to many A devoted husband 
and affectionate father, he was particularly zealous to see that his children 
were given the best educational opportunities As told by his oldest daughter, 
“he accepted the older pattern of discipline, but mellowed through the years 
and was moie indulgent to his grandchildren than as a busy Surgeon he had 
had time to be with his children ” 

He is mourned by his wife, nee Jessie Hayes, of Lake Charles, Louisiana 
and four children, Leonard E, Josephine H (Mrs Austin Ferguson), 
Barbara J , and Commandei Edward H Gessner, U S N R , w hose distin- 
guished service in Normandy Beach, Cherbouig, Newfoundland and othei 
Battle Fronts, have won him high distinction as a brave and resourceful Com- 
mander m the Naval Service of the Nation 

To his wife, his children and grandchildren, he has bequeathed an im- 
perishable inheritance of honesty, intelligence and character far more piecious 
than “tov'ers of gold or pyramids of old ” 

Rudolph Mai as 
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Edwaid Pen son Richardson was born m Boston, April 4, 1881 His 
father, Maui ice Howe Richaidson, became Moseley Professoi of Surgeiy 
at the Harvard Medical School and Chief Surgeon of the Massachusetts 



General Hospital His mothei was Maigaret Pen son, who came from a 
prominent New England family, some of whom were physicians and 
surgeons Edwaid, the eldest of six childien decided eaily to follow m 
his illustrious lather’s footsteps He giaduated from Harvard College m 
1902 and ranked first m his class at the Harvaul Medical School, which 
gave him a doctor’s degree m 1906 

His careei was closely associated with the Massachusetts General Hos- 
pital and the Harvard Medical School Working his way from “House 
Pupil through the Outpatient Depaitment, he finall) m 1927 became 
John Homans piofessoi of smgery and chief ot a suigical sei'ice at the 
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Massachusetts Geneial These final appointments were on a full-time basis, 
which meant the abandonment of a very large private surgical practice 

Richardson contributed extensively to the surgical literature His pub- 
lications were mainh in journals but include a book, written with J H 
Means as, coauthor, on the thyroid gland He had an interest in all phases 
of medicine in a broad sense He performed all surgical procedures with 
deftness and ease but was particularly interested in abdominal and thyroid 
surgery 

In addition to the Southern Surgical Association he was a member of 
the American Surgical Association, the International Society of Surgery, 
the New England Surgical Society, the Society of Clinical Surgery, and 
the Boston Surgical Society 

Richardson was a clear-thinking, obseivant clinician whose diagnostic acu- 
men was outstanding He never made a showy impression, keeping in the back- 
ground, modest to a fault, yet held the profound respect of his associates 
He was a natural surgeon, developing a technic of gentleness combined 
with accuracy and reasonable speed His teaching was of the type that 
made students and jumo'r staff listen, since every word carried a knowledge 
of the literature and from a vast expei lence he was able to separate important 
data from the whole 

In 1915, he went to France with the first Harvaid Unit No 22 General 
Hospital, British Expeditionary Forces When the United States entered 
World War I, he seived with the American Expeditionary Forces in France 
and Germany in 1918 and 1919, being honorably discharged with the 
rank of Major 

I11 1917, he married Clara, the daughtei of the late Dr Frederick C 
Shattuck — for many years Jackson Professor of Clinical Medicine of the 
Harvard Medical School and chief of the East Medical Service of the Massa- 
chusetts General Hospital This was a happy union and to them were born 
three sons the eldest, bearing his father’s name, has graduated from the 
Medical School and finished part of his postgraduate training prior to 
entering the Armed Services Mrs Richardson’s untimely death in 1923 
following cesarean section was doubtless a secret source of pain and 
suffering for Edwaid, but at no time was this evident to his friends 

Edward gave the impression of a recluse to those who did not know' 
him well As a matter of fact, he loved life and people and never missed a 
w'ell-earned holiday with his friends on field and stieam or club He was a 
fan shot, could throw a fly with expertness, and enjoyed golf His endurance 
and lack of apparent fatigue made it difficult for those of us, who saw' him 
dailv, to lealize that his bnlhant career could be cut so short 

At the age of forty-nme, while teaching a group of students, cerebral 
hemorrhage occurred w'hich disabled him so much that he w'as not able to 
take up professional work again He nevei regained adequate speech but 
understood all that was said to him and frequently attended local surgical 
meetings after his accident He laboriously taught himself to read again 
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and' to write with his left hand He took up painting as a hobby, traveled 
a good deal with his boys, and enjoyed fishing to a considerable extent He 
bore his affliction with a fortitude seldom seen Never a word of complaint 
was heard nor an impression of bitterness given This made his friends 
appreciate moie than evei the tiue woith ot the man 

Shortly aftei a second ceiebral hemonhage January 26, 1944, Edwaid 
died His passing will be long felt b) those who knew and loved him 
Mankind lost a champion surgeiy a gieat leader, and students a bnlliant 
teacher 

Arthur W Allen, M D 


KENNETH HAZEN AYNESWORTH 

1873—1944 


Dr Kenneth Hazln Aynesworui membei of the Southern Surgical 
Association, died October 30, 1944, at the age of 71 years The cause of his 
death was apoplexy He is sunned by Ins wudow r , Mrs Maude Brian Aynes- 
worth , two sons, Kenneth H Aynes woith, Ji , and Majoi Brian Aynesw'orth, 
now serving overseas with the United States Aimy Corps, two daughters, 
Mrs Wilson Ciosthwait, of Waco, and Mrs Thomas Clifton Mann, of 
Washington, D C , and two brothers, Di Horace T Aynesworth, of Waco, 
and Levan Ayneswoith, of Fresno, California 

Doctor Aynesworth was born 111 Floience, Texas, on February 9, 1873 
He attended Baylor University at Waco, Texas, and received the degiee of 
Doctor of Medicine from the University of Texas in 1899 He w r as awarded 
the honorary degree of Doctor of Laws from Bayloi University in 1933 He 
did postgraduate werk in Berlin m 1908-09, and also attended giaduate courses 
at Johns Hopkins 

Doctor Aynesw'orth began the piactice of medicine 111 Waco, Texas, 
m 1903, and continued to make this city his home until the time of Ins death 
Doctor Aynesw'orth showed a gieat deal of enthusiasm about everything 
he did He w'as strong in his likes and dislikes He w'as active m a number 
of scientific societies, as well as medical organizations He contributed a 
number of scientific papers, including papers lead before the Southern 
Surgical Association 

He had many interests outside of his piofession He was an archeologist 
of some note and a collectoi of histoiical lelics, as well as a collector of books 
and pamphlets on the history of the Southwestern part of the United States 
He donated a large and valuable library upon the history of Texas and the 
Southwest, with many Indian ai cheological specimens, to Baylor University 
at Waco He seemed to care for neither wealth noi fame but was very 
much in love wuth his work 
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Doctoi Aynesvvorth served on the Board of Regents of the University of 
Texas foi a period of eleven years He was a member of the American 
Medical Association, Southern Surgical Association, the American College 
of Surgeons and the American Boaid of Surgery He was one of the 
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foundeis and past president of the Texas Surgical Society He was a 
member of the Alpha Omega Alpha, honorary medical fraternity, the Texas 
Academy of Sciences, Texas State Historical Association, West Texas 
Archeological and Paleontological Association, and foundei and member of 
the Philosophical Society of Texas 

He will be veiy much missed by the members of the Southern Surgical 
Association 

Albert O Singleton, M D 
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1 he inviiation to contribute lines to the memory of a life-long friend 
an intimate professional and business associate, is a duty and iesponsibiht\ 
not unmixed with overwhelming personal emotion This fnend is Dr 
William Simpson Elkin, born April 26, 1858, m Lancaster, Ky , and who died 
in Atlanta, Ga , Apul 24, 1944, almost on the eve of his eighty-sixth birthday 
The son of a prosperous farmer of Gairett County, he was thoioughh 
piepared to entei Centre College, Danville, Ky , and, m 1879, leceived his 
A. B degree Three yeais later, 1882, his medical degree was conferred 
by the Univeisity of Pennsylvania The rapidly growing City of Atlanta 
attracted him, and theie he made his home until his death 

On Octobei 26, 1887, he married Miss Nellie Duncan, of Lancaster, Ky 
Then only child a son, died 111 infancy Mrs Elkm died January 1, 1934 
In Octobei, 1935, he mained Mis Nell Wairen Osboine, of Stamford, Ky , 
who still smvives him 

His nephew, Di Daniel Collier Elkm, is now' Colonel and Chief of the 
Surgical Service in the Ashfoid General Hospital, White Sulphur Springs, 
W Va Doctor Elkm earl)' developed a maiked ability as a suigical clinician 
m the out-patient department of the Southern Medical College In a few' 
years he was piomoted to Professor of Clinical Surgery and attending 
Surgeon of the Grady Memorial (Municipal) Hospital, of 400 beds Follow- 
ing the consolidation of seveial medical colleges, he became Dean of the 
Atlanta College of Physicians and Suigeons, and from time to time, in 
conjunction with Di Abnei W Calhoun, Professoi of Ophthalmology, con- 
tributed laige sums in support of this institution 

The death of Di Hunter P Coop ei m 1906, and coownei of a pnvate 
sanatorium, resulted in the formation of a paitnership with the u'ritei 
He succeeded Doctor Coopei as Piofessor of Obstetrics and Gynecology 
Sensing the spirit of the times. Doctor Elkin envisioned radical enlaigement 
of hospital teaching facilities, and the absolute necessity of becoming an 
integral part of a vmle University Quietly and alone, he interested the 
Candlei family, wealthy benefactors of the young Emory Univeisity (the 
parent Emory College at Oxford, Ga , 40 miles distant) and, in 1915, the 
lenamed Atlanta Medical College became the Medical School of Emoi) 
University The writer is confident that no othei man could have so 
aroused the enthusiasm and interest m such a huge and mutually advantageous 
enterprise, in securing donations and an endowment of millions of dollars 
Upon his retirement in 1925, the degiee of LLD was conferred by Emory 
University, and, in 1929, a like degree honored him by Centre College 
Doctor Elkm was a deacon of the First Presbyterian Church, Director of 
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the First National Bank, a Mason, a Democrat, and a member of several 
exclusive social clubs He was a member of the Southern Surgical Associa- 
tion since 1S90, a Founder, m 1913, of the American College of Surgeons, 
twice past President of the Fulton County Medical Society, and, of course, 
affiliated with the district, State and National oigamzations He enjoyed 
a handsome income from a large city practice and a State-wide consultation 
clientele , and by thrift, and unusual business sagacitv, amassed a comfortable 
fortune 

Doctor Elkin’s standard of citizenship was high All worthy religious, 
civic and chantable projects found his purse open, and he often remarked that 
it was the obligation of ever) 1 ' good citizen to legister and vote for the lowest 
to the highest office He invariably evinced anger when anyone, legally 
eligible and physically fit, endeavored to avoid jury duty There was no 
personal political ambition m him, although he was often invited to participate 
in conferences in various legislative bodies because of his unusual sound 
sense and forthright principles Golf finally lured him from the exactions 
of his professional work His great personal charm and camaraderie in the 
enjoyment of congenial companionship on the links gave his fellow 7 players 
unforgettable pleasuie 

Other than an occasional tup to Euiope and winter cruises in the 
Caribbean, or a few weeks at Palm Beach, the outstanding event in the last 
half of his life was the Kentucky Derby week, wheie for many years he 
maintained a large box and dispensed gracious hospitality to a w 7 ide circle 
of friends 

The death of Dr William Simpson Elkm marks the passing of an 
irreplaceable friend, a wise counselor, and, in the opinion of the writer, the 
greatest all-around Doctor he has ever known 

William S Goldsmith, MD 
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PREPARATION OF BATTLE CASUALTIES FOR SURGERY 
Lt Col Henry K Beecher, M C , A U S 

CONSULTANT IN ANESTHESIA AND RESUSCITATION 

Mediterranean Theater of Operations 

In caring for the man wounded in battle we are at first concerned solely 
with what he needs to make it possible for him to withstand transport to the 
hospital and then to meet the stress of emergency surgery All else, even 
the question of ultimate survival, is secondary The conditions that are to be 
overcome, the increasing forces that must be opposed, and the means used 
are the subject of this report Conditions within the patient arising directly 
from the wound as well as adverse external circumstances that influence his 
condition will be discussed, but the emphasis here is on treatment 

THE WOUNDED PATIENT 

The enemy has pioduced the woist wound he could, and its consequences 
are cumulative — dehydration increased by unusual fluid loss in sweat and 
vomrtus, continuing hemorrhage or plasma loss, pam making rest impossible, 
increasing emotional exhaustion, developing infection — these and other factors 
are set in operation by the initial wound Their progress in the seriously 
wounded is to be checked in most cases only by surgery or by death Resusci- 
tative measures give a temporary stay and make successful surgery possible 
in the severely wounded , but in most cases true release from the consequences 
of the wound is effected only by surgery Surgery is not only the goal but is 
itself a part of resuscitation in the broad sense Any other view is likely 
to lead to unfortunate separation between the activities of the “shock team'’ 
and those of the surgical team Care of the wounded man must be continuous 
and supervision uninterrupted 

Good prepaiation of the patient for his initial suigery, as well as for the 
days' to come, requires considerate treatment of his pam as well as of a 
number of psychologic and emotional problems While lack of understanding 
m handling these may at the moment be less important than surgical action, 
a lack of skill here may leave scars as permanently harmful as poor surgery 

PAIN* 

The initial assumption of the writer, in common with most physicians 

* This has been considered in detail elsewhere See Beecher, H K Pain in Men 
Wounded in Battle In press, 1944 
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treating the wounded, was that bad wounds are generally associated with 
bad pain This was early found to be incorrect Careful observers in 
battalion aid stations estimated that only about one-fifth of the freshly 
wounded had bad pain Random samplings of groups of patients in the 
rear supported this view, but it was feared that in these cases too much 
time had elapsed to permit accurate evaluation, and that possibly the 
patients were amnesic for the eaily hours following wounding Accordingly, 
when it became possible to study wounded men in the most forward hospitals 
on the Cassino Front, at the Anzio Beachhead and later m France, this was 
done, 225 freshly and seriously wounded soldiers were considered in five 
groups 50 patients with compound fracture of a long bone, 50 with ex- 
tensive peripheral soft-tissue wounds, 50 with a penetrating wound of the 
thorax, 50 with a penetrating wound of the abdomen, and 15 with a pene- 
trated cerebrum None of the men considered here was m shock at the 
time of the questioning (If m shock at entry, questioning was delayed 
until this had been overcome ) As nearly as possible consecutive cases 
were considered Ten of these had to be ruled out of consideration because 
they were not mentally clear Nine of these ten had penetrating head 
wounds Disregarding for the moment the entire group of head wounds, only 
one patient of the remaining 201 was not clear mentally and alert 

Of all of the various types of wounds considered, patients with penetrated 
abdomens have by far the most pam This may be due to the spilling of 
blood and intestinal contents into the peritoneal cavity Infection may 
have a part in producing the severe pam observed Only one-quaiter of 
all of the patients on being directly questioned soon after entiy m a 
forward hospital said they were having enough pam to want further pam 
relief therapy Three-quarters did not wish such relief, notwithstanding the 
fact that the most recent morphine had been given several hours before 
(48 to 72, average for the various groups) In the paper referred to 
evidence is presented to show that the difference between the one-quartei 
of the seriously wounded men that wanted further pam relief therapy and 
the three-quartets that did not, cannot be explained by differences in dosage 
or timing of the morphine administered From the data presented it is 
clear that morphine is, unfortunately, often administered by rote and not 
according to need The use of morphine in the tieatment of pam was con- 
sidered in detail in the other paper and will not be discussed further here 
Thoughtful appraisal of wounded men will show that wound pam is 
only one cause of suffering Mental agitation and thirst are factors that 
may be as important to the patient as pam The excitement and hyper- 
activity sometimes encountered m the wounded and ascribed to pam may 
have their origin not in pam, but occasionally in cerebral anoxia, and more 
often in mental distress Repeatedly it was found that a small dose of a 
barbiturate would provide relief not obtainable by reasonable doses of 
morphine Barbiturate sedation offers a real addition to the treatment of 
the distress of wounded men Small doses of barbiturates (60 mg sodium 
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amytal intravenously) and small doses of morphine will frequently accomplish 
what large doses of either will fail to do satisfactorily (See loc ext ) 

In men m severe shock thirst causes more suffeimg than wound pam 

In terms of planning, care for the mental and emotional pioblems of 
the patient falls within the sphere of the chaplain and the psychiatrist In 
practice they often have to be dealt with by the medical officer in charge of 
the preoperative ward, or by the surgeon Since part of the role of chaplain 
or psychiatrist may have to be assumed at times by the ordinary physician, 
some of the responsibilities to be encountered will be mentioned 

THE PHYSICIAN 

His Relationship to the Patient — In the psychologic piepaiation of the 
wounded soldier for operation, one must bear m mind that in a high per- 
centage of cases these men are young and their reactions immature The 
usual emotional instability of youth has been exaggerated by harrowing 
experiences As a result of these the injured have wounds, pam, fear, 
anxiety Paternal authority and guidance have been lost and must be 
assumed by someone The wounded man seeks it m the chaplain, m the 
doctor or m his nurse 

Following the confusion of the early hours after wounding, some patients 
become euphoric While this is probably more often to be encountered 
m the early postoperative period, it is sometimes met m the preoperative ward, 
and may be based upon the overwhelming realization that come what may, 
the war is suddenly over for the individual Later the realization that for 
a longer or shorter time the independent man has become dependent self- 
reliance is no longer enough, and a profound depression may follow the 
euphoria. Major Douglas Kelling observed this sequence strikingly in his 
study of men who had amputations 

The surgeon’s first approach to his wounded patient is the most im- 
portant He should hope to portray the trusted family physician, being 
cheerful and self-confident but not casual This confidence m his own 
ability is transferred to the patient (The tactful chaplain will further 
build up the patient’s confidence m the surgeon ) Consultations in the view 
of the patient are to be avoided He is likely to think he is worse than the 
facts justify. 

What to tell the wounded patient who asks questions is one of the 
most difficult problems of the preoperative period In the case of the 
correctible wounds — even amputations are m a sense corrective — much 
can be accomplished If the need for an amputation is probable but not 
certain, tell the patient it may be necessary, but that everything possible 
will be done to save his limb If the patient will unquestionably have to 
have an amputation, his general condition permitting, he should be told 
before operation But do not leave it there Point out that many others 
have had this same experience and have gone on to live normal lives, both 
maritally (there is much anxiety concerning this) and economically normal 
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Failure to tell a patient ahead of time that an amputation, for example, will 
be necessan may lead to lack of confidence m his future care 

Far more difficult problems are the “uncorrectible” lesions — great facial 
disfiguration, total blindness, loss of genitalia, spinal cord transection The 
extent of these wounds *s usually not ceitam before operation and positive 
statements concerning them usually must await operation The only help 
such a patient can be given is confidence that he will get good care and that 
everything possible will be done, definite answers to his questions cannot 
be given until latei The piopei psychologic handling of this group of patients 
needs study 

Relationship of the Physician to the Chaplain — The commanding officer 
or the physician in charge of the patient is often inclined to appraise the 
value of the chaplain m teims of his (the officer s) personal need for religious 
support rather than according to the need of the newly wounded man “There 
is nothing the chaplain can do that the good physician cannot accomplish ’’ 
Nonetheless, a fair minority of the seriously wounded are not mentally at 
ease until they recene spiritual attention They are lacking and suffer 
without it The physician who assumes that he is good at handling such 
matters often is veiy bad T 

The physician too infrequently lecogmzes that a man’s spiritual life 
is a private matter and is too often reluctant to giant that opportunity for 
private discussion desired by the patient (Chaplain M I English This 
can be compressed to two minutes ) 

Dividing the army into two classes, the following generalizations can be 
made (a) The enlisted men (in the combat zone at least) aie far more 
religious than expected, where they have grown aw'av from the church, it 
is usually through carelessness, a passive piocess The enlisted man has 
confidence in the help the chaplain can bring He wants religious help 
m a crisis (b) The officer class presents moie education Members of 
this group often actively 1 eject lehgion through an intellectual piocess 
Others are indifferent 01 “superior” on a “logical ’ basis Still others, and 
many of the best officers are in this group, on lecognizmg intelligence in 
the chaplain equal to their own, will act on the assumption that the chaplain 
knows what he is up to Since he is not stupid and really believes he has 
something to offer, the chaplain is pei nutted to go ahead, although many 
of these same officers would be hard put to it to give a rational description 
of what the chaplain could do 

The physician must bew'aie of projecting pastoial caie upon the wounded 
man too abruptly “Am I that bad, Doc 7 ” The chaplain can stroll m and 
approach the patients casually, not as though he weie arranging a volley ball 
match and tune was short 

*The writer is particularly indebted for good advice on these matters to Captain 
M I English, a chaplain of wide experience in dealing with the freshlv wounded, and 
to Major Douglas Kelhng, Psychiatrist for the 45th Division, also widely experienced 
with such problems 
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THE CHAPLAIN 

The successful chaplain, if he is to caie well foi the wounded, must giasp 
the fact that the soldier has been torn from his familiar life and thrown into 
a strange milieu where old standaids of conduct are ignored or escaped 
deliberately The patient’s animal spirits have led to adventures that he 
knows to be wiong, accoidmg to his eaiher training He is wounded and 
suddenly, unlike the pious old lady who has contemplated death for years, 
new thoughts of death aie thrust upon him with insistence “As soon as I 
got wounded I thought ‘Damn it, I would have to die without the priest ’ ” 
He is confused, but mostly lie is frightened, and the chaplain as an expert m 
straightening out misadventures is heaitily welcomed Majoi Kelling con- 
films Chaplain English’s statement that feelings of guilt are common m the 
wounded and that discussion of these with the chaplain is helpful to the 
patients efifoit to acquire seiemty * 

The presence of the chaplain is especially important to those whose 
religions embody a litual of death, chiefly Catholic “Am I to die 71 ” Priest 
“Some do, }’ou might” Contraiy to widespread assumption the administra- 
tion of extieme unction need not alann While the point of view is difficult 
for the writei to accept, both expenenced chaplains and experienced psy- 
chiatrists insist that it is sometimes desirable to tell a man he is going to 
die, that such knowdedge conectly unpaited does good “My religion is 
supposed to help me now',” and anguished hope gives w’ay to tranquility is 
the idea Maybe so, but certainly with the impi ovements in medicine of 
recent years, more caution than evei before is necessaiy if such statements 
are ever justified 


ADVERSE EXTERNAL CIRCUMSTANCES 

In a study by Beecher and Bui nett 1 ' + it was show’ll that about 2 5 per cent 
(of 2853) wounded men arrived at an Evacuation Hospital! m need of pai- 
ticular care in resuscitation, with surgical shock eithei seriously impending 
or present Conditions and processes wuthin the patient 111 pait lesponsible 
for the poor condition of these patients weie refen ed to above External 
circumstances that tend to increase the numbei of patients arnving at the 
hospital in poor condition are chiefly these 

’’Tn the experience of the writer, apathy is uncommon in the preoperative ward, 
sometimes it will be encounteied, particularly m those with head wounds, occasionally 
m men in shock Anxiety and pam may have led to the need for and use of sedatives 
and narcotics Later, memory of this period is often found to be lacking During con- 
valescence the wise chaplain may be obliged to go over the same ground in discussion 
sevei al times 

'* Beecher, H K , and Burnett, C H Report to the Surgeon, North African Theater 
of Operations, July, 1944 Field Experience in the Use of Blood and Blood Substitutes 
(Plasma, Albumin) 111 the Tieatment of Seriously Wounded Men The Medical Bulletin 
of the North African Theater of Operations, 2, No r, 2 , July, 1944 

j Most of these (2296) were at Anzio, where the hospital boie the same relationship 
to the fiont as a field hospital 
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Exposure — This theater has provided a rich variety of geographic and 
climatic conditions, desert heat and mountain snow storm, dry country 
and marshes, high elevation and low Whether exposure may lead to heat 
exhaustion or to freezing, it is usually associated with inadequate food and 
fluid intake and with poor rest Delay in the field or along the evacuation 
chain lowers the patient’s reserves Rough handling may be unavoidable 
in litter transport down mountain trails, or in prolonged ambulance hauls over 
rough roads, but it often precipitates shock The forward treatment received 
in Battalion Aid Stations, Collecting Companies and Clearing Stations will be 
considered below under various headings In passing, it may be mentioned 
that this occasionally accounts for part of the poor condition of casualties 
as they arrive in the forward hospital Common errors Overmedication 
(morphine), too much plasma or too little, failure to recognize and close 
an open pneumothorax, failure to check serious hemorrhage, transport of 
patients with head and pharyngeal wounds on back instead of prone as they 
should be, failure to protect the patient properly during transport This 
ranges all the way from poor splinting of broken bones to inadequate blankets, 
especially underneath the patient in cold weather 

Chart I shows, for the several types of installations, size, position, 
representative distance apart, duration of the patient’s stay in, and 
the usual means of his transport along the line of evacuation In the 
Battalion Aid, Collecting and Clearing Stations only the simplest procedures 
are undertaken, and these with the single aim of making the wounded man 
transportable — splints and tourniquets are applied, hemorrhage staunched, 
bandages placed, sucking chest wounds closed, plasma and morphine ad- 
ministered if needed Nothing is done here that will make the man non- 
transportable 

At the Clearing Station the patient’s condition is appraised and a decision 
reached as to whether he must be taken at once next door, to the Field 
Hospital, for initial emergency surgery, or whether it is probable that he 
can withstand the further journey of several miles to the Evacuation Hos- 
pital where surgery will be carried out Minor as well as major wounds 
are treated in the Evacuation Hospital 

Many factors m addition to the patient’s immediate condition must in- 
fluence the decision in the Clearing Station of where to send him whether 
the road connecting with the Evacuation Hospital is good or bad, long or 
short, difficult for blackout driving or not Also pertinent is the fact that 
conditions m the Field Hospital are likely to be, because of the very 
nature of the installation, less satisfactory than m the larger, more com- 
pletely staffed Evacuation Hospital farther m the rear This is no com- 
mentary on the staff of either installation For that matter, the mobile auxiliary 
surgical teams are important in both With their smaller staff resuscitation 
may be slower in the Field than in the Evacuation Hospital Conditions for 
postoperative care may be poor in the former For example, the Field 
Hospital is often far forward, near, and sometimes in front of, the heavy 
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artillery positions The cannonading makes it difficult for the postoperative 
patient to get the rest he needs But the well-placed Field Hospital sig- 
nificantly shortens, in companson with the Evacuation Hospital, the tune 
between wounding and definitive suigery In cases where time or poor 
condition conti amdicate faithei transport, the Field Hospital is invaluable 

CHART I 

THE EVACUATION CHAIN 

Representative Distances 
and Usual Type of Transport 


LINE OF COMBAT 


(The casualty remains here from minutes to days following wounding) 

500 yards 

(htter carry or walk) 

BATTALION AID STATION BATTALION AID STATION BATTALION AID STATION 


(minutes to hours here) 


1 mile 

(htter carry or walk) 


COLLECTING STATION 


COLLECTING STATION 
(minutes to hours here) 


COLLECTING STATION 


5 miles 
(ambulance) 


Adjacent 

field hospital htter carry division clearing station (100 beds) 
platoon (100 beds) (minutes to hours here) 

(1-12 days here) 

5 to 15 miles 
(ambulance) 


evacuation hospital (400-750 beds) 

(1-12 days here) 

Up to hundreds of miles 
(railroad, motor, water 
or air transportation) 


FIXED HOSPITALS 


Station (250-400 beds) 
General (1000-2000 beds) 
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Eventually, the patients operated upon in the forward area are moved 
to the rear As many as possible aie returned to duty wheiever this is 
possible along the evacuation chain If this is out of the question the patient 
is moved as soon as possible to the fixed installations, the Station and 
General Hospitals Heie leparative suigeiy designed to return the patient 
to duty, to speed healing, to prevent lneparable damage or deformity is 
carried out (Since these units serve gairison tioops emergency surgery 
is also undei taken in them ) 

MANAGEMENT OF THE PREOPERATIVE AND SHOCK WARDS 

During the Tunisian, Sicilian, and Italian campaigns many arrangements 
foi handling pieoperative patients were tiled out Many of these plans ended 
m acute dissatisfaction on all sides While details of arrangements will (and 
should) vaiy fiom one installation to another, expenence has shown that 
the most satisfactory plans all embody the following 

Pei sound foi Field Hospital <; — The continuous service of one man in 
charge is important for a period of weeks at least This individual will be 
chosen fiom the internists or the junior surgeons Indefinite assignment of 
a surgeon to this post usually leads to discontent and eventually poor caie 
Twelve-hom sti etches of duty are satisfactory, even during heavy drives, but 
longer periods of work will in two or three days lead to inadequate perform- 
ance dui mg rush periods One man must be m charge , but another physician 
should be trained to cover half of the 24-hour day At least one nurse or 
corps man (preferably both) should be on duty at all times to assist the 
officer m charge 

Pei sound foi Evacuation Hospitals — Here, again, one man should be 
in charge, but unlike the Field Hospitals where all admissions deserve 
“shock” treatment, the majority of patients in the Evacuation Hospitals 
do not need detailed resuscitative measures (about 2 5 per cent do) In the 
Evacuation Hospitals, because of the large volume of patients during drives, 
tv 0 officers should be on duty at a time One man directs the flow of patients 
through the preoperative ward to surgery and sepaiates out the patients who 
are m poor condition These will be given into the care of an officer who 
will attend the severely wounded men m poor general condition At least 
two corps men and two nuises on duty will be needed at all tunes 

Relationship of the Suigcon to the Pi eopei ative Waid — A common and 
serious mistake occurs whenever this ward is used as a kind of valve to 
regulate the flow of patients to surgery The optimum time foi surgery will 
be discussed below There is no known relationship of it to the number of 
casualties awaiting treatment, presupposed in the flow-meter point of view 
The ]>i eopei ative ward functions satisfactory only when the suigical chief 
of sen ice makes fiequent visits to it, toi he, in collaboi ation with the officei 
in charge of the w r ard, is best qualified to establish priority of operating time 
As earh as possible cases aw r aiting operation will be assigned to specific 
surgical teams The surgeon, whose patient a given case is, will then, insofar 
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as it is possible, share in decisions regarding preparation for operation It is 
difficult to overemphasize the erroi of any system which permits one group, 
as that m the preopeiative ward, to carry a patient so far and no farther, 
then to ha\ e his care assumed by a new group, the surgical team, completely 
unfamiliar with the patient Good care necessitates continuity of attention 
Routine Pioceduics m the Pieopeiatwe Wend — The care of the badly 
wounded patient will be descnbed below, but, in general, all clothing is 
removed at once on admission of the patient Many 1 flagrant oversights 
have their origin in failure to observe this simple direction * The litter is 
checked for adequate blankets under as u r ell as over the patient A complete 
physical examination is made, and his care planned If in poor condition, 
he is sent to the part of the tent set aside for such patients, under the care 
of the “shock team ” 

THE PREPARATION OF THE BADLY W r OUNDED MAN FOR SURGERY 
Surgery imposes a strain, how r severe it may be is suggested by the 
following figures, on the duration of typical operations in the combat zone 


Table I 


DVRATJOS OF 130 T1P1CAL MAJOR OPCRATIOSSt 


Operation 

Number 
of Cases 

Average Duration (Minutes) 
(Anesthesia Induction Time 
Not Included) 

Neurosurgerv 

Craniotomy (dura opened) 

20 

109 ± 11 

Laminectomy 

10 

122 dfc 7 

Celiotomy 

20 

117 ± 12 

Thoracotomy 

20 

148 ± 14 

On Extremities 

Vascular injury (involving ligation of large vessel) 

20 

62 ± 5 

Compound fracture of femur (includes time to appb spica) 

20 

S3 ± 8 

Thigh amputation (guillotine) 

20 

69 ± 7 


Of the w'ounds considered here, only those of the extremities could be 
dealt with surgically m one hour, those of the head, chest or abdomen 
required two hours In World War I, operations upon the extremities 
constituted a higher percentage of the total number than now The belief 
that major surgery in w-ar time rarely exceeds one hour may have arisen 
from that earlier experience, no longer typical 

These data on duration of operation are fiom the Cassmo Front and 
the Anzio Beachhead, chiefly the lattei, wheie the single large hospital 
area was near, and, unfortunately, often in the scene of action Many of 
the wounded at Anzio were injured on the spot, some m the actual hospital 

> Consider the patient who accidentally discharged his rifle , the bullet passed between 
Ills scalp and the inside of the helmet It followed the cune of the helmet, retersed its 
direction, and wounded the man m the buttocks 

j These data w r ere collected from the cases of many surgeons, all able and experienced 
Actual operating time (not including anesthesia induction time) is shown This ma- 
terial is of interest only as it shows order of magnitude Consecutive cases were chosen 
without selection Standard errors of the means are given to show variation 
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area, others on the adjacent road, "Purple Heart Highway ” One value 
of Anzio has been to show that even in the midst of military action, surgical 
technics of accepted peace-time standards need not be sacrificed (These 
are jeopardized chiefly by overwork during heavy action ) 

The operating times indicated here are typical of practice throughout 
the forward areas m this theater, as such their implications are rather great 
Little different as they are from those of civil life, they symbolize the revolu- 
tion that has occurred in surgery since the time of the last war Important 
factors which make possible such prolonged operating will be discussed later 
It is clear, from a consideration of these figures, that the patient must be 
prepared in the preopeiative tent to withstand prolonged surgical stress 
So far in this discussion, the wounded patient and his passage along 
the evacuation chain have been described Some indication has been given 
of the surgical and other stresses the patient must be prepared to meet 
Hazards of faulty therapy, chiefly of pam, have been considered in some 
detail Most of the matters that have arisen so far have concerned all 
patients, the lightly as well as the critically injured man The man who 
has a slight wound requires little special pteparation for surgery The 
preparation accorded the badly wounded individual may make the difference 
between survival and death What then are the important elements in this 
preparation ? 

APPRAISAL OF THE PATIENTS CONDITION 

As already pointed out, under the condition of the Cassino Front and 
the Anzio Beachhead for example, one could expect that about 2 5 per cent of 
those wounded would fall into the group that is m bad enough condition 
to require special resuscitative care Attention will be directed to the 
very badly wounded men, since patients in less serious condition require 
to a lesser extent the same treatment 

Recognition of the man already in poor condition presents few problems 
The mam difficulty comes in early identification of the patient whose condi- 
tion is deteriorating, recognition of this early enough to check the destroying 
forces Early recognition here means economy of care, more rapid preparation 
for surgery (indispensable if congestion in the preoperative ward is to be 
avoided) and in the end more lives saved 

The estimate of which patients will bear watching is usually made on the 
basis of their immediate appearance Cool extremities and pale skm, with 
abnormal delay in filling of skm vessels blanched by pressure The blood 
pressure may or may not be below normal If it is, resuscitative care is 
obviously urgent The pulse is usually rapid and of rather small volume 
The appearance of the wound, its extent, the presence of signs of considerable 
blood loss either internal or external as m blood-soaked clothing, a history 
of delay m hospital admission, of exposure, of exhaustion, are all points of 
value Excepting patients with head wounds, the badly injured are nearly 
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always clear mentally* and can give an accurate account of events since 
their wounding (although later there may be considerable amnesia for this 
early period). Great thirst is almost always present and causes much suffer- 
ing These conditions give a useful hint of difficulties to come But most 
important of all for field use is information concerning the trend of the 
pulse and the trend of the blood pressure The way these swing is of great 
help in evaluating the patient’s condition A rising pulse rate, a falling 
blood pressure nearly always forecast immediate trouble, especially if 
associated with a cool skm, m a man who has been at a comfortable room 
temperature 

With the fauly general acceptance of the view that the cause of deteriora- 
tion of the wounded patient’s general condition is reduced circulating blood 
volume, problems of theiapy become considerably simplified This simpli- 
fication is extended with the further acceptance of the evidence that, excepting 
the processes that lead to dehydration, fluid lost from the circulation is to be 
explained by loss at the injury site alone (except perhaps shortly before 
death, when some general increase m capillary permeability may occur as a 
result of profound anoxia) Therapy falls into three mam channels Treat- 
ment of the reduced blood volume , treatment of the local wound , and treat- 
ment of pam and mental distress (See above ) 

TREATMENT OF THE LOCAL WOUND AS A PART OF RESUSCITATIVE PROCEDURE 

Control of hemorrhage may be accomplished by tying a bleeding vessel, 
by a pressure-pack or by tourniquet Tourniquets are useful chiefly as a 
last resort m the control of hemorrhage, usually in the presence of amputa- 
tions or near amputations Since they introduce hazards of ischemia and 
tissue damage, their use is to be as infrequent as possible "If a tourniquet 
is necessary, it is applied as low as possible on a limb It is not removed until 
a transfusion of blood or blood substitute is already running into a vein, 
yet, when it is possible that the hmb can be saved, the tourniquet is loosened 
for a few moments at hourly intervals to avoid tissue damage In hot 
surroundings the loosening should be carried out more often With a hope- 
lessly mangled limb, a tourniquet is applied just below the site of election 
for amputation When amputation is performed, the tourniquet is not 
removed until the extremity has been severed 

Splinting provides a means of preventing further tissue damage, further 
blood loss and helps to prevent pam Often Thomas splints are applied with the 
laced shoe m place Swelling distal to the wound soon produces needless 
and great pam (The shoe, should be unlaced and slit if it is considered 
advisable to leave it on ) 

*By actual count only one out of 201 badly wounded patients (not m shock) was 
not clear mentally on arrival in a forward hospital 

** General Recommendation Concerning Shock, prepared at the request of the National 
Research Council Submitted July 16, 1942, by Beecher, H K, Blalock, A, Cope, O, 
Loeb, R F , and Warren, S 
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Suujoy as an indispensable element m resuscitation will be considered 
below m the discussion of the optimum time foi operation It is clear that 
at times there can be no resuscitation without surgery, for example, when 
uncontrollable internal bleeding occurs, sometimes when great fecal con- 
tamination of the peritoneum exists, when leakage into and possibly absorp- 
tion from, large areas of devitalized tissue is taking place Resuscitation can 
and should continue during surgery 

FACTORS OTHER THAN FLUID REPLACEMENT FOR CONSIDERATION IN 
TREATING THE DEFICIENT CIRCULATING BLOOD VOLUME 

Just as the available evidence points to reduction m the volume of 
circulating blood as the chief cause of poor geneial condition m wounded 
men, so will coirection of this factor go far to restore the patient to good 
condition The more lapidly blood is provided (within reasonable limits, 
to be discussed below), the more rapidly restoration of a condition suitable 
foi opeiation will be achieved The considerable change that has occurred 
in practice, even during the Italian campaign, is suggested by the following 
figures In the Field and Evacuation Hospitals below Venafro and Mignano 
(Cassino Front) in November and December, 1943, resuscitation of the 
seriously wounded to the point of operability often required six to eight 
hours This contrasts with the more recent experience of Beecher and 
Burnett (loc cit ) where very bad-risk patients were prepared for operation 
and went to surgery in an average of two hours and 20 minutes The ready 
availability of whole blood maiked an important difference between the 
two periods Men who have lost whole blood need blood replacement 
Before a detailed discussion of fluid therapy 111 the wounded is undertaken, 
a few other matters related to the circulation will be mentioned 

Position of the Patient — Probably the wounded patient’s general condi- 
tion is at the v 7 orst it has been at the moment of arrival at the forward 
hospital , the delay, the handling, the ambulance haul have all contrived to 
make it so About a quaiter of the pool -risk patients arrive with no 
measurable blood pressure Rest and elevation of the foot of the litter 
(about 12 inches) with the head and heait low 7 , usually are followed by 
return of perceptible blood pressure, even before fluid therapy can be started 
All badly w 7 ounded patients should be placed 111 this position at once upon 
arrival, excepting some patients with head wounds (chiefly those with 
adequate blood pressure), some patients with chest wounds (chiefly those 
whose oxygenation is mechanically impaired by the position), and also 
excepting patients with pulmonai y edema 

Unless the head-down position gives use to obvious signs of disticss, 
labored lespiration or cyanosis, it should be utilized even m patients with 
chest wounds and with head w 7 ounds, as long as the systolic blood pressure 
is below 8 Mm Hg When the blood pressure has risen to this level, 
gradual, slow 7 elevation of the head should be started As much as 20 to 3° 
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minutes may be needed to get these patients with head and chest wounds 
up into the semirecumbent position 

Gastnc Distention — Ideally, all w'ounded patients should have their 
stomachs emptied' 1 befoie being anesthetized in oidet to avoid the chance 
of aspiration of gastnc contents A fmther reason foi this piactice is to 
be found in the obsenation that distention of the stomach is great enough 
in some wounded men to intei feie with the circulation, decided cuculatoiy 
impi ovement occuirmg on evacuation of the stomach contents The mech- 
anism of this is not cleai , possibly the greatly distended stomach mtei fei es 
with cardiac filling Vagal leflexes aie possibly involved 

Heat — Exposuie to cold is not desnable in a wounded man and will 
affect his condition adversely, so, also, wall winning if rapidly earned out 
Fluid loss through sweat, mci eased metabolic needs and dilatation of con- 
stricted vasculai beds are all possible consequences of the use of heat The 
body heat of an mjuied man should be conserved, lather than heat added 
Gradual w r arming of the chilled man is usually best accomplished by placing 
him m bed, with plenty of blankets, m a tent at normal room temperature 
During even such a gradual warming as this, blood replacement theiapy 
should be m piogiess Although the ground w ? as frozen hard and covered 
with snow m the mountains around Cassmo, no occasions weie encounteied 
wdiere the addition of heat other than that descnbed above was indicated T 
Vasoconstnctoi and “Stimulating” Agents — These are usually'- of no value 
in ti eating the w'ounded man In large dose they ai e contraindicated 

Oxygen Theiapy — Whether oxy^gen therapy is actually of life-saving 
value in treating w r ounded men is as unproved as it is in ti eating pneumonia 
It will produce definite signs of impi ovement (lowered pulse rate, better 
blood color) and, therefoie, appears to be justified on a logical basis 

Much is often made of the fact that cyanosis wall not appear when the 
hemoglobin concentration is about one-third of normal, a rare cn cumstance, 
at least m the fleshly w r ounded In 37 of the w'orst wounded patients filtered 
fiom 2853 wounded men, Beecher and Burnett (loc cit ) found on examining 
them foui and one-half hours after w’oundmg (not yet adequate time for com- 
plete blood dilution) the hemoglobin averaged 12 3 Gm The hematocrit 

* This is urgent when food or fluids had been taken as recently as two hours or so pnoi 
to the wounding or at any time following the wound The largest tube that will slip dowm 
easily should be used A little judicious moving of this as it goes dowm will produce 
vomiting, much to be desired, since only thus can it be certain that the stomach is emptied 
Actual washing of the stomach is to be avoided when thoracic or abdominal wounds sug- 
gest that perforation of the esophagus or stomach maj' have occurred 

7 One patient was brought in m May, at Anzio, during warm w r eather, apparently 
suffering from blast injury with intracranial damage G hypothalamic area) His rectal 
temperature was 84° F, and remained at about this level for many hours Heat was 
added here, hot w'ater bottles were used, but it w'as not until the day following injury 
that his temperature returned to normal 
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spread was as follows * 5 were in the 20’s , 16 were in the 30’s , 8 were in the 
40’s (only one above 44) and 1 was 50 More important than low hemoglobin 
in the failure to detect anoxia is failure to look for the signs of oxygen short- 
age Moderate cyanosis is too often overlooked as a result of hasty examina- 
tion and poor light in the preoperative tent 

In the patient whose condition is deteriorating, circulatory changes occur 
characterized by falling cardiac output and decreasing blood volume After 
a time the circulating blood volume reaches a fairly fixed level where it 
remains , but the cardiac output continues to fall f These factors lead finally 
to tissue anoxia, with resulting metabolic change and organic damage and 
eventually to an irreversible state known as death 

Unquestionably, increase in the oxygen tension in the mspned air is 
desirable in conditions like these, but how much can be expected of it is 
open to considerable question At least until the practical aspect of this 
question can be better clarified, use of oxygen in field resuscitation should 
continue Excepting cases of respiratory obstruction or depression, increase 
in the volume of the blood and the total quantity of circulating hemoglobin 
is the chief need (See below ) 

Oxygen is most conveniently administered by nasal tube (Four or five 
patients can easily be serviced from a single oxygen tank ) The oxygen is 
humidified by bubbling thiough a water column The well lubricated 
(12-14 French) catheter should be inserted mto the nasopharynx until the 
patient is observed to swallow a bolus of air, and then the tube withdrawn 
one-half inch and firmly anchored with adhesive tape to the face The 
correct distance for insertion will usually be equal to the distance from the 
ala of the nose to the ear lobe, less half an inch Most patients will 
tolerate a gas flow of four to five liteis pei minute Gastric distention is to 
be avoided This must be watched for in the unconscious man 

If signs of oxygen shortage are not relieved by the mtranasal administration, 
one can give higher oxygen concentrations For this a closed system with 
carbon dioxide absorption, as an anesthesia apparatus can be utilized 

Oxygen therapy should be continued as long as necessary to hold the 
gams it has effected (Probably 70 to 100 per cent oxygen should not be 
administered for more than 12 hours, rarely necessary If high concentra- 
tions continue to be necessary the periods vdren they are employed should be 
alternated with 12-hour penods of 50 to 60 per cent oxygen ) 

* Hemoglobin, hematocrit (and plasma protein) were determined by the “Copper Sul- 
fate Method of Measuring the Specific Gravities of Whole Blood and Plasma,” by Phillips, 
R A, Van Slyke, D D, Dole, V P, Emerson, K, Ji , Hamilton, P B, and Archi- 
bald, R M , for the Committee on Medical Research of the National Research Council, 
1943 

f General Recommendations Concerning Shock, 1943 (Revision of Report No 1 of 
July 16, 1942), submitted by Bard, P, Blalock, A, Cannon, W B, Gregersen, M I, 
Harkins, H N, Loeb, R, Long, C N H, Richards, D W, Jr, and Wearn, J 
T , for the Committee on Medical Research, National Research Council 
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FLUID REPLACEMENT THERAPY 

Administration by Mouth vs Parenterally — Discussions of this subject 
usually begin with a kindly admonition to give fluids by mouth, if the 
wounded man will tolerate them The opposite is more nearly m line with 
good practice preoperative fluids by mouth are m most cases contraindicated 
after the patient has reached the hospital where his initial surgery will be 
carried out Certainly they are if anesthesia and operation are anticipated 
in a matter of hours, and almost always this is the case Gastric emptying 
time is exceedingly long m the newly wounded man One can see food and 
drink regurgitated that were consumed ten hours, or more, previously It 
becomes increasingly clear that one of the commonest if not the commonest 
serious preventable accident to occur on surgical services is aspnation of 
gastric contents This may be due to vomiting during anesthesia Or it 
may be due to expulsion of gastric contents into the pharynx as a result of 
surgical manipulation m the upper abdomen, and then followed by quiet 
aspiration by the deeply anesthetized patient The accident may be a fatal 
one (See preceding section on “Gastric Distention”) Natuially, dehy- 
dration is to be avoided, or corrected if present This is done by parenteral 
injection, chiefly intravenously A final point fluids by mouth very often 
precipitate vonntmg, especially in patients with nausea from morphine, so 
that the net-result of administration of fluids by mouth may actually be a 
loss of fluid rather than a gain Patients get considerable comfort but little 

fluid from a wet sponge to suck and to moisten their dry lips 

Salt and Glucose Solutions — These agents are primarily useful for the 
correction of dehydration As “blood substitutes” they are not very effective, 
and are dangerous The elevation they produce m blood volume and blood 
pressure is so transient as to be of little value The fluid leaks out of the 
blood stream In the presence of head injuries the intracranial pressure 
may be seriously increased by these agents if they are used in large enough 
volume to produce a significant blood-pressure effect In the presence of 
pulmonary damage, or if the heart is working under adverse conditions, 
they may precipitate pulmonary edema or increase it if it is already present 

During periods of heavy action, when scores, even hundreds, of patients 
may be awaiting surgery in a single hospital,* the maintenance of an adequate 
fluid intake in these men becomes a difficult problem Under such circum- 
stances patients who cannot go to surgery until the next day may be given 
fluids by mouth The others may be given normal saline subcutaneously 
or normal saline and 5 per cent glucose, usually intravenously, but never 
more than one liter at a time, and in quantities just adequate to keep down 
definite dehydration 

* At one period during the great Anzio di ive more than 300 patients were awaiting 
operation at one time in the 94th Evacuation Hospital The situation was the same m the 
other hospitals of the Beachhead It was immediately relieved by a shuttle of air evacua- 
tion planes to the large hospital base at Naples — 40 minutes away by air 
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Plasma — The use of plasma as one of the best of the “blood substitutes” 
is well established Its use is greatest in the forward installations (Battalion 
Aid, Collecting and Clearing Stations) where blood transfusion is impossible 
or its attempt inadvisable, and in the tieatment of bums 

Excepting the hemolytic problem in burns, plasma represents the chief 
need there, for it is the part of the blood lost Its replacement is indicated 
Plasma is a part of definitive therapy Various rules can be made as to 
quantity to be used A common one Two units of plasma in the first 24 
hours for each 10 per cent of the body surface burned, or until important 
hemoconcentration has been relieved If laboratory facilities aie at hand, 
give 100 cc of plasma for each point the hematocrit is above a normal 
of 45 If the plasma proteins are low, 2 5 per cent should be added to the 
calculated quantity of plasma needed for every gram the proteins are below 
six per 100 cc Bettei economy is effected in treating burns if the required 
plasma administration is spaced over 24 hours than crowded into the early 
hours, for if more is given than needed at one time it is probably lost from 
the circulation Secondary shock fiom burns may occur many hours follow- 
ing the initial injury The physician in charge must be alert to recognize 
and treat the anemia that often develops in these cases 

Curiously enough, a fact that is often not adequately appreciated is that 
plasma, lacking hemoglobin, cannot be, is not, a satisfactory substitute for 
blood in the wounded man who is seriously bled-out This state is common 
in badly wounded men The great merit of plasma in these cases is that it 
temporarily sustains the seriously falling blood volume and decreasing cardiac 
output, it sustains blood pressure at a level compatible with life for a limited 
time Plasma gives mote time to get whole blood mto the patient It should 
be considered as a stop-gap and not as definitive therapy in patients who have 
suffered extensive hemorrhage It has been repeatedly shown in this Theater 
that plasma, although it will, in many cases, restore for a tune adequate blood 
volume and pressure, in so doing it often gives a false sense of security to 
those treating the wounded man 1 he patient who has been in pool condition 
because of blood loss, with low blood volume and possibly low hematocnt, 
will be often senously endangeied if his blood ( and effective vasculai ) 
volume is met eased by plasma without hemoglobin being added Such a patient 
may superficially appear to be piepared foi anesthesia and surgery The blood 
volume has been restored and the meagei quantity of hemoglobin available 
diluted The blood pressure has been restored to the level where the already 
deficient hemoglobin begins to leak out again A small further loss of hemo- 
globin from renewed bleeding or during surgery may be critical and sudden 
disaster occurs Unfortunate!}, this has happened many times Plasma alone 
will not adequately pi epat e the set wusly wounded man foi sut gety 

One of the most difficult problems is to determine how much plasma should 
be given in the forward installations In the badly wounded, 500 cc may 
be green as the initial dose In general, plasma should be given only to the 
extent of elevating the systolic blood pressure to about 85 Mm Hg The 
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recumbent patient will not suiter if his skm is waim and of good color when 
the blood pressure is at this level, and needless loss of hemoglobin will not 
occur as a consequence of bleeding lesultmg from piessures that are higher 
than necessary 

While the total volume of plasma to be employed must depend on 
therapeutic effect and circumstances not possible to treat m generalizations, 
it can be said that it is lately necessaiy to give moie than foui units of 
plasma in the foui 01 live hours that often precede hospital admission of the 
badly wounded individual 

After a Field 01 Evacuation Hospital has been entered, pi eparakon jor 
opeiation will utilize about one unit of plasma to three units of whole blood 
Albumin — This fraction of the blood exerts the greatest osmotic pressure 
of the plasma piotems, So per cent of the colloid osmotic pressure of the 
normal plasma is accounted foi by the albumin present Beecher and 
Burnett ( loc at ) have given this agent a field trial and have summarized 
its advantages and disadvantages as they concern military medicine. On 
the good side is the fact of its small bulk, 25 Gm dispensed m 100 cc 
solution aie said to be roughly equivalent to two units of plasma, when used 
m the well hydrated patient This was not demonstiated clinically, but 
possibly the circumstances of the field testing were not adequate to show 
this difference Albumin, as it is dispensed is ready for instantaneous use 
No reconstitution is necessary as with plasma It can be administered m 
one-third to one-half the tune needed for plasma It is remarkably stable 
Also, to be considered is the following Albumin is expensive m terms of 
quantity of blood needed to prepare it Its molecule being smaller than that 
of the globulins, presumably leaks out of the blood stream faster than they do 
Plasma’s natural antibodies have, of course, been eliminated as the albumin 
is separated out (How desnable these are may be questioned under the 
present circumstances ) The use of albumin is undesirable m the presence 
of dehydration 

Before albumin can be adequately evaluated it needs to be compared 
m man, with plasma, on the basis of cardiac output and blood volume effects 
Oddly enough, this has not yet been done so far as can be found Certainly 
the combat zone is not the place to engage m such studies 

In the clinical observations referred to above, albumin was employed m 
some 200 patients Blood pressure measurements at about ten-mmute 
intervals were followed m 89 patients who received one unit of albumin 
and m 61 other patients who received one unit of plasma The spread 
of the initial blood pressures was comparable in the two groups, as were 
age, sex, hydration, wounds and general condition An average of the 
data (comparable spreads in both groups) when the initial systolic blood 
pressure was below 80 Mm Hg (See Table II) 

Higher initial blood pressure levels were studied with similar results 
These data were supplemented by observations of the patient’s general 
condition, peripheral circulation, skm temperature, and pulse rate and quality 
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Admittedly, all of these data are based upon relatively crude technics of 
examination clinically, they add up to no demonstrable difference between 
one unit of plasma and one unit of albumin, theoretically much more 
powerful 

The water administered with the plasma is of course an asset, since 
the tendency m wounded men is toward dehydration Concentiated albumin 
depends for its effect on drawing fluid from the tissues into the blood 
stream, thus, dehydrating the tissues In well hydrated patients this is 
all right, but in dehydrated individuals additional salt and vatei must be 
given, usually at the late of two units of albumin to a liter of noimal 
saline, given intravenously (Subcutaneous administration of saline or 
glucose solutions is to be avoided in shock because of the poor late of 
absorption as a consequence of the lowered peripheral circulation ) 

T^ble II 

Factors Considered Plasma Albumin 

Initial blood pressure (Mm He) 49/21 47/22 

(A\ of 19 cases) (At of 40 cases) 

Maximum blood pressure after 1 unit of blood substitute (Mm Hg ) 88/52 83/53 

(Av of 15 cases) (Av of 35 cases) 

Time to achieve maximum blood pressure (mins ) 19 22 

(Av of 16 cases) (Av of 34 cases) 

Time for fall of blood pressure to begin (mins ) 29 33 

(Av of 9 cases) (At of 19 cases) 

No significant untoward effects were associated with the use of albumin 
In two cases a mild, transient urticaria may have been caused by the 
agent Transient moist rales in a patient with a thoracic injury may have 
been caused by the albumin (Any sudden increase in blood volume is 
undesirable in such a case ) 

The whole thing boils down to albumin’s advantage over plasma being 
in its small bulk and ready availability This suggests that it should be 
useful in Battalion Aid Stations and other difficultly accessible posts espe- 
cially when transport must be by hand Conceivably albumin should be 
of advantage for use with air-borne troops, m ambulance planes, and m 
submarines, where space and weight are at a premium Whether in terms 
of the principles on which army medical supplies are chosen, it is desirable 
to provide albumin for the exceptional circumstances where it has an 
advantage over plasma, is beyond the writer’s experience 

Blood — (a) Indications for Its Use The man who has lost laige quantities 
of blood needs blood replacement Adequate preparation of the seriously 
wounded man for surgery and support during surgery are impossible without 
whole blood This has been demonstrated m probably every preoperative 
ward and operating room throughout the Tunisian, Sicilian, Italian and 
Southern French Campaigns True resuscitation of the wounded requires 
whole blood Such statements m no sense minimize the value of plasma 
This agent has superbly filled a great need, discussed above 

The best guides in the field for the use of blood are simple, but of 
great help the presence of blood-soaked clothing, the nature, and extent 
and duration of the wound , the rate and quality of the pulse, and its trend , 
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the level of the blood pressure, and its tiend, the peripheral circulation 
as indicated by temperature of the skin and the speed of the response to 
blanching by pressure, and the color of the mucous membranes 

Possibly, too much attention has been given to the fact that on many 
occasions the blood pressure may be normal yet the patient seriously depleted 
Although it may be unreasonable, this has led to a tendency to dismiss 
the blood pressure as a helpful sign even when it is low — a fatal error, 
on some occasions More helpful than the level of the blood pressure, 
is the direction of its swing — a falling blood pressuie, a rising pulse rate, 
are m most cases an urgent indication of the need for blood 

In the early hours after wounding the kinds of laboratoiy data avail- 
able m the field are likely to be deceiving the hemoglobin, hematocrit 
and plasma proteins are usually only a little below normal, before blood 
dilution has taken place (These factors are, of course, of gieat help m 
evaluating the needs of the patient postoperatively, after stabilization has 
occurred ) Plasma volume information would offer real help At the 
present time at least its determination is too time-consuming to be justified 
for routine use The simple clinical signs lefeired to above, rightly intei - 
preted, provide the help needed to gauge the quantity of blood to be used 
in a given case Indications foi the use of blood are msepaiably hnked-up 
with questions of speed of administration and volume to be given, discussed 
in the following tw r o sections 

(b) Speed of Administration This depends on how critical the state 
of the w'ounded man is Unquestionably, badly wounded patients need 
prompt care In the study of Beecher and Burnett ( loc cit ) the most 
seriously wounded patients w-ere found to aruve at the hospital at the 
Anzio Beachhead (short, good roads) more than four and one-half hours 
after w r ounding This suggests that deliberate appraisal of the case is 
permissible It is hardly likely that a few minutes more or less on top of 
the delay already present, in getting the blood or blood substitute into the 
patient will make any difference In fairness, however, it must not be 
overlooked that the handling and ambulance ride immediately preceding 
hospital entry may have reduced the patient’s condition to its pooiest A 
quarter of the men in this group arrived with no measuiable blood pressure 
Often only a few minutes of rest in the head-dowm position was adequate to 
permit improvement so that measurement of the blood piessure w'as possible 
Action here is governed by rather arbitrary decision based on experience 
If the patient’s condition is considered to be desperate (systolic blood pres- 
sure usually below 60 Mm Hg ) he is placed at once m the head-down 
position (foot of litter elevated about 12 inches) a unit of plasma or albumin 
started while a transfusion of low titer “O” blood' 1 ' is obtained Although 
patient’s blood for later grouping and cross-matching is obtained at the first 
vena puncture, tune is not taken for matching on the occasion of giving the 
first or at times even the second blood wdien dealing with the desperately 

*Tso-agglutimn titer of i - 64 > or l ess 
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wounded The hist transfusion may sometimes be forced in rapidly by using 
a bulb (from a blood-pressure appaiatus) placed on the blood flask’s air 
inlet tube Rarely this may be necessary for the second transfusion As 
soon as the blood pressure has begun to rise, efforts to obtain great speed 
of administration can be relaxed as long as the improvement continues 

Subsequent tiansfusions are usually given moie slowly 500 cc blood 
in half an hour to an hour When the systolic blood pressure has risen to 
80 Mm Hg the latter rate is generally adequate So, also, is it for the 
use of blood prophylactically when fall of blood pressure is to be anticipated, 
but not actually occurring 

For the certain flow of blood in critical penods cannulas should be intro- 
duced under direct vision by “cutting down” on the vein In emergencies 
two transfusions should run simultaneously 

(c) Volume of Blood to be Used The young, healthy, organically sound 
battle casualty will tolerate his wound and the strain of surgery without 
replacement of all the blood lost It is unlikely that a 3,000-cc hemorrhage is 
often exceeded Probably a good many lose 1,500 to 2,000 cc of blood 
Accurate observations on this would be interesting In the study of Beecher 
and Burnett ( loc cit ) of the most seriously wounded (2 5 per cent of 2,853) 
battle casualties it was found that from the time of hospital entry until 
definitive surgery was completed one unit of plasma or albumin and 870 cc 
blood were needed on the aveiage before surgery During surgery a further 
500 cc was admimsteied to two-thirds of the patients, while the remaining 
one-third got an additional 1,000 cc blood These patients had come into 
the hospital (chiefly at Anzio) over fairly short lines of travel from the front 
(up to ten miles), fairly good roads i\ere available, and the patients arrived 
as mentioned in four and one-half hours, average, after wounding Certainly, 
the quantity of blood administered by no means replaced the quantity lost 
and yet as evidence that these patients were well prepared for surgery the 
following can be submitted In 2,853 patients who were operated upon, 
none died during surgery During April and May at the Anzio Beachhead, 
the hospital death rate in these patients for 1,623 battle casualties was 1 48 
per cent Finally, the surgeons were positive in their statements that they 
considered these patients well prepared for operation 

(d) Hazards and Reactions Transfusion of blood, like the transplan- 
tation of any tissue, is a complicated process, filled with opportunities for 
human error With increasing speed and volume of blood used increased 
strain is placed on the laboratory and those checking and supplying the 
blood It is also possible that the rapid use of large volumes of nontype 
specific blood may lead to serious, even fatal reactions Possibly the use 
of low titer O blood will help to solve this problem Ideally, type-specific 
blood should be used in all cases, practically this is often not possible 

Excluding the accidents when clearly mismatched blood has been given, 
reactions vary all the way from transient and trivial malaise, chills, fevers and 
urticarias, to fatal urinary suppression The chills, urticarias, etc , have been 
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shown attributable in most cases to faulty preparation of the apparatus used, 
eithei inadequate cleaning or delay beyond two hours in sterilization after 
cleaning These leactions even in the field (94th Evacuation Hospital) can be 
kept below 3 per cent 

Fatal urinary suppression, with death from uremia, has been found in 
some cases to be associated apparently with kidney damage arising from free 
hemoglobin or myoglobin deposited there 

Perhaps when large quantities of blood are used, the red cell destruction 
to be expected results in the liberation of greater quantities of free hemo- 
globin in the circulation than the body can cope with Other suggested 
explanations of the free hemoglobin-containing kidneys sulfonamide re- 
actions, also “shock kidney ” Exactly what is meant by this last term is 
not clear, but appaiently those who use it refer to a condition m which 
considerable quantities of hemoglobin or myoglobin are released from 
traumatized areas These are absorbed into the blood stream, accumulate 
m the kidney and appear to impair its function 

One difficulty m determining how much of the kidney problem is to be 
accounted for by blood and how much by sulfonamide is due to the fact 
that most patients who have received blood m large quantity have also 
been liberally dosed with sulfonamides , thus, it has been difficult to separate 
these two possible causative agents With the more general use of penicillin, 
replacing in some cases sulfonamides, the problem of determining responsi- 
bility should be easier m the future than it has been m the past There is 
the possibility, of course, that sulfonamides, myoglobin, hemoglobin and 
so on, produce senous kidney damage only in conjunction with some other 
factors such as low systemic blood pressure 

Two groups at the Anzio Beachhead received identical types of patients , 
m one the fatal anuria rate was much higher than in the other, yet the 
use of sulfonamides was not significantly different m the two places More- 
over, since the same types of injury were received m both places, and since 
several thousand cases were under consideration, the incidence of “crush 
syndrome” as well as the incidence and duration of low blood pressure was 
presumably the same m both groups The group with the higher anuria death 
rate used considerably more blood and that more rapidly than the other group 
It is impossible to say at this time whether or not this is significant If some 
as yet unidentified hazard is present in the occasional transfusion and re- 
sponsible for the anurias, the more transfusions administered, the more anurias 
one might expect There is too little evidence at hand to justify much 
speculation m this direction at present 

(e) Grouping and Cross-matching of Blood Except for the gieat emer- 
gencies described above, all patient’s blood is to be regrouped and cross- 
matched with the donor’s blood It is often stated that this is not possible 
in practice The facts are otherwise Unless great care is exercised m 
the transfusion of blood the accidents that occur will nullify the value of 
the procedure Perhaps ‘m the future fuller information concerning low 
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titer 0 blood will reduce the necessity for grouping and cross-matching m the 
field At the present time it can be said that there is too little safety in the 
use of blood unless both grouping and cross-matching are carried out These 
safety measures need be dispensed with in relatively few cases 

After 1,000 to 1,500 cc of nontype specific blood have been administered 
to bled-out patients a new sample of the recipient’s blood should be obtained 
for subsequent cross-matching This process should be repeated after every 
additional liter of blood is administered 

(f) Alkalmization of the Patient The evidence on which to base decision 
concerning this is not as full as one would like It is sufficient, howevei, 
to suggest that patients who leceive 1,000 cc of blood or more (as well as 
those who are on sulfonamides) should be alkahmzed 

TIMING OF BLOOD ADMINISTRATION AND OF OPERATION 

During periods of heavy military action it must be expected that the 
blood available may be in shoit supply, at least its provision will be difficult 
and economy in its use necessaiy The quantities of blood previously 
mentioned as desirable are half to two-thirds those used and lecommended 
by some expenenced officers under the same circumstances The total 
quantity of blood needed to see a patient through his operation can be 
greatly influenced by the timing of its administration To be specific When 
a patient has been extricated from his immediately critical condition and must 
await operation foi a considerable period, elevation of lus systolic blood 
pressure to about 85 Mm Hg is all that is necessary as long as his coloi 
is good and his skin zvann He can be transfused immediately preceding 
surgery In all cases some of the limited blood supply should be saved for 
use during and immediately follow mg surgery 

In other cases an individual’s wound may be such that definitive surgery 
is a necessary part of his lesuscitation when profuse internal bleeding is 
occurring it is wasteful of time and of blood to attempt to get the patient’s 
blood pressure up to normal One should consider himself lucky if a systolic 
pressuie of 80 to 85 Mm Hg can be achieved and then surger) undertaken 
This applies as well to othei common conditions wffiere full resuscitation 
is often impossible until the situation has been corrected surgically, for 
example, wheie wide fecal contamination of the peritoneum has occurred, 
where leakage into, and possibly absorption from, devitalized tissue is in 
progress 

Acceptance of the view that resuscitation can and should continue during 
surgery will lead to early operation, to be desired m nearly all cases 

It is a matter of considerable surprise to the writer that there has been 
as much discussion as has taken place in Italy and France concerning the 
merits of early against late operation m wounded men Surely, the wound 
has set several continuing processes in action there is bleeding and plasma 
’oss from serous surfaces and into traumatized tissues Contamination leads to 
progressing infection With these and other drains upon him, the seriously 
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wounded patient must have constant external support by way of blood and 
plasma If, as a principle, one can say that the smallest quantity of blood 
and plasma should be used that is compatible with the patient’s w'ell-being 
(until we know ? moie about the cause of the fatal anuria mentioned above, 
that is an almost obligatory view ) , then eai ly operation appears desirable 
on this basis Unquestionably, delay in operation necessitates the use of 
largei quantities of blood and plasma to maintain the patient on an even 
keel than otheiwise is the case A fuither point is important in this con- 
nection It has been w T ell established m the cases of peritoneal contamination 
encounteied m peif oiated peptic ulcei that the mortality late rises sharply 
with the passage of time With the grosser tissue contamination met in 
waifaie this is piobabh also the case The passage of time is against the 
patient’s good That early opeiation is compatible with successful surgeiy 
is borne out in the stud) of 2,853 battle casualties observed on the Cassmo 
and Anzio Fronts, leferred to above 

SUMMARY 

The enemy has produced the wmist wmund he could The immediate 
physical consequences of the wound and the inseparable mental and emo- 
tional pioblems that anse f 10111 it aie discussed in terms of wdiat is needed 
to piepare the wounded man foi surgeiy Specifically, the distress of the 
wounded man was found to come from tlnee souices, pam, mental agitation 
and thirst Seveie pam is usually best treated with morphine, but much 
that has passed foi a response to pam w ? as found to respond to small doses 
of barbituiates Pam great enough to require further treatment with moi- 
plnne was found to be suipnsingly infiequent (present m only one-fourth of 
the severely w'ounded as they arnved at the most forward hospital) A great 
need w r as found in the newly-wounded man foi the use of small doses of 
sedatives of the barbituiate type 

The lelationship of the wounded man to those around him, especially 
the physician and the chaplain, is discussed, with a view to prepanng the 
man for his future care 

The effect of adverse external circumstances upon the wnunded man 
and his course along the evacuation chain aie discussed with attention 
being given to details of the organization and application of suppoitive 
ti eatment which must precede the initial surgery One clue to the extent 
of the resuscitative measures that must at tunes be earned out is to be 
found 111 the fact that even in the most fonvard hospitals, the field and the 
evacuation hospitals, the average duration of operation for cramotoni), 
laminectomy, celiotomy, and thoracotomy was of the order of two hours or 
more (not including anesthesia induction time) Even operations upon 
the extremities averaged moie than an hour The deliberation in the 
surgery carried out compai es w ith that of peacetime medicine 

Expei lence has shown that about 2 5 per cent of battle casualties (under 
the conditions of study) wall require intensive resuscitative measuies The 
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needs of this desperately wounded group are discussed from three points of 
view (a) Treatment of the local wound Surgery is an inseparable part 
of resuscitation in its broad sense On occasion there can be no resuscitation, 
even temporarily, without surgery (cf internal bleeding, great fecal contamina- 
tion of the peritoneum, etc ) In any case resuscitation (blood therapy) 
should continue during and after surgery (b) Treatment of the depleted 
circulating blood volume Here, position of the patient, gastric distention 
as it interferes with the circulation, application of heat and oxygen therapy 
are all discussed Route of administration of fluids, the roles in therapy of 
saline and glucose solutions, of plasma and albumin preparations, and of 
whole blood are considered m detail In the case of blood administration, 
problems and hazards concerned with volume and speed of administration 
are dealt with (c) The treatment of pain and emotional disturbances is 
discussed 

The timing of blood administration and its relationship to the optimum 
time for surgery are discussed, as, also, is the question of slow against 
rapid preparation for surgery 
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Philadelphia, Pa 

For the selection of a philosophical rather than a clinical topic for 
this address, I make no apologies In recent years on this occasion we have 
had so many excellent expositions of clinical subjects that it would be dif- 
ficult to select one to warrant the imposition upon the time of those courteous 
enough to listen The matter of graduate training or graduate education m 
surgery is one which has engaged the interest of the speaker for many years 
In the light of piesent conditions it should properly engage the interest of 
all of us I propose, therefore, to discuss this subject, particularly in rela- 
tion to Amencan surgeiy It follows, that in order to do this intelligently 
one must first review' the past, consider the present and venture a few sug- 
gestions regarding the future 

The beginning of the twentieth century saw surgery m America m the 
hands of “doctois w'ho operated” These men w r ere mostly physicians who, 
through interest and manual dexterity, were recognized by the public and 
their fellow' practitioners as surgeons For the most part, these men con- 
tinued to engage in the general practice of medicine, and it is doubtful 
whether anyone really confined his w'ork to surgery It w r as the usual thing 
for the so-called surgeon to attend medical cases, deliver babies and to treat 
diseases of the eye, ear, nose, thioat and skm In general, the surgeon w'as 
merely a superior breed of doctor He acquued proficiency either by long 
hours spent m the dissecting room or the dead house In the former he 
learned anatomy, and m the latter became familiar with the gross appearance 
of diseased organs and tissues This knowledge he applied to his practice - 
Many of the pioneers in American surgery followed this path to glory In 
our own city the elder Gioss and Agnew may be cited as examples Later 
the period of “study abroad” appeared on the horizon, and of this probably 
the least said the better Suffice it to say that the recent graduate, or the 
practitioner of better than average means took a year off and went to Vienna 
w'here he acquired or improved a taste for beer, sent postcards to the folks 
at home, and eventually leturned to become a specialist, by announcement 
In this country a number of short, or so-called polyclinic courses w'ere given 
m various medical centers To these came doctors for surcease from the 
rigors of practice and a little fun m the big cities Neither “study abroad” 
or the polyclinic couise had any significant influence on the progress of surgery 
m this country 

The American College of Surgeons, founded m 1913, represented the 
first attempt to set up a standard by which true specialization m surgery might 
be recognized By this tune there was a not inconsiderable number of surgeons 

* Annual Address delnered before the Philadelphia Academy of Surgery, Decem- 
ber 4, 1944- 
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who, through long apprenticeship and clinical experience, had attained the 
status of the specialist In its earlier days the College attempted to formulate 
requirements for recognition of surgeons Later it extended its activities 
to provide the facilities by means of which these requirements might be met 
One need only consider the size of the country where surgery was being 
done in communities varying in population from the metropolitan city to 
the village to realize the enormity of the task undertaken by this organiza- 
tion Those who have been inclined to criticize and belittle the woik of the 
College should bear these facts in mind That a uniform standaid, applic- 
able alike to the metropolis and the village, was impossible of achievement 
should not be allowed to negative the splendid contributions of the College 
to the cause of American surgery It follows as inevitable that some unw orthy 
ones were admitted to Fellowship 

Requirements for admission to Fellowship in the College have been 
gradually raised over a peiiod of years The present requirements are 
three years of hospital service, two of which must be spent in a surgical service 
acceptable to the College In addition, it is stated that the candidate must 
restrict himself to “study, diagnosis and operative work m surgery,” but 
in the same section the statement appears that “the minimum participation 
of specialization may vary according to the character and size of the com- 
munity m which the applicant resides ” Furtheimore, it is stated that each 
application shall be judged upon its individual merits 

In 1915 ) the fast formal Fellowships in general surgery weie instituted 
at the Mayo Clime, and to date approximately 825 men have completed this 
training In 1916, the Graduate School of Medicine of the University of 
Pennsylvania was organized and otfeied the hrst full-time academic course 
m surgery, which included work in the basic sciences and led to a higher 
degree The residency system, originated at the Johns Hopkins Hospital 
by Osier probably constitutes America’s outstanding contribution to training 
m surgery To date 41 men have completed the chief residency in suigeiy 
at this institution Of the residency system, more latei 

In 1916 the first Specialty Board was constituted m Ophthalmology The 
organization of Qther smulai constituted Boards for other specialties follow ed 
The American Board of Surgeiy was constituted in 1937, and held its fiist 
examination the following yeai To date 1279 have been certified by exam- 
ination (1277 men and 2 women) To qualify for examination befoie this 
Board the candidate must present satisfactory evidence of at least five yeais 
of training following completion of a minimum internship of one yeai This 
five-year period must be devoted exclusively to training and must include 
w'ork in the basic sciences of Anatomy, Physiology, Pathology, Chemistry 
and Bacteriology Three of the five years must be devoted to general surgery , 
not more than six months’ credit is allowed for work in any one of the 
previously mentioned basic sciences, or to such specialties as Gynecology, 
Urolog), Orthopedics, etc Recognizing the value of a sound basis of general 
diagnosis and internal medicine, the Board has accepted a full year of 1 esidency 
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in medicine for credit toward the five years’ training In addition, evidence 
of adequate operative experience is required The examination itself is com- 
prehensive and rathei difficult From the foiegoing it will be obvious that 
many men who can qualify for Fellowship in the College are unable to qualify 
for certification by the Board The most frequent cause of rejection of 
applicants is inadequate training, failure to limit to suigeiy ranks second 
A limited number of applicants are rejected on ethical grounds, for example, 
the practice of division of fees 

This biief summary of the past brings us to a consideration of the present 
status of giaduate education 01 tiarnmg in surgery 

Today the recent graduate who desires to become a suigeon has several 
paths open to him Regardless of the plan the trainee elects, the objectives 
are the same He must leview the basic sciences with reference to then 
application to surgery He will have forgotten much of his anatomy if he 
graduated from a school in which anatomy is still taught If he comes from 
any one of the majority of the leading schools where anatomy m recent years 
has been compiessed into periods of from three to six months, he will not 
have forgotten it for the simple reason that he has nevei learned it With 
regai d to physiology likewise, the aveiage graduate will lecall that most of 
lus undergraduate hours in this important subject were devoted to the 
making of nerve muscle pieparations and recording the responses of the 
same on a smoked drum As to the more important matters of the physiology 
of nutrition, of liver function etc , he will have at best a very hazy concep- 
tion His training in pathology will be somewhat better, but it will probably 
be some time since he has looked at a slide under the microscope The 
failure to correlate these basic sciences with clinical medicine and surgery 
is largely due to the fact that these departments are foi the most pait headed 
by PhD’s who legal d the instruction of undergraduate medical students 
as a penance which must be fulfilled in order to enjoy the facilities foi 
research in pure science To put all this into the language of the street 
“The tail wags the dog ” 

In addition to building a foundation upon the basic sciences, the candidate 
must have opportunity to adequately study surgical patients before operation 
in order to foresee what may happen to them after opeiation, and provide 
protection against such eventualities Above all, he must have oppoitunity 
and time to read and to think, and to discuss his problems day by day as they 
arise with an older, more experienced and undei standing preceptor 

The Apprentice System — This plan, under which most of the senioi Fel- 
lows of this Academy were brought up, still has a definite place in the 
education and training of the surgeon, although in i ecent years it has become 
fashionable to refer to the apprentice system with something between re- 
luctant tolerance and ill disguised contempt For many an aspirant to 
surgical training, however, it offers the only opportunity Under this system 
the tyro associates himself with an established surgeon, assists him at the 
operating table, takes charge of the pre- and postoperative care of patients, 
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is gradually eased into greater responsibilities and, finally, is permitted to 
operate independently During this apprenticeship, unless his chief pays 
him a salary, which is uncommon, the trainee is hard pressed to earn a 
living, and in spite of good intentions too often finds it necessary to engage 
in general practice “on the side ” Unfortunately, the general practice often 
takes precedence over surgical training This does not infer that by means 
of the surgical apprenticeship combined with general practice he may not 
become a competent operator, but he rarely is able to give sufficient time 
to surgery to become a well-rounded surgeon Training of this type, in 
which the trainee conducts a general practice while acquiring surgical 
experience, is not acceptable for credit by the American Board of Surgery, 
and is responsible for the rejection of a considerable number of applicants 
for examination by that Board Many of these men may qualify for Fellow- 
ship in the American College of Surgeons 

The Residency — Previous reference to this system has been made As 
stated it had its beginnings at Johns Hopkins Hospital As originally set-up 
in that institution a young physician spent an indefinite number of years living 
m the hospital in order to complete his training With the Hopkins’ plan as 
a working model, the residency system has been extended to practically all 
teaching hospitals and to many not connected directly ith teaching insti- 
tutions The properly set-up lesidency is probably the best system by which 
a young physician may receive adequate training in surgery The widest 
differences, however, exist in these residencies The council on Medical 
Education and Hospitals of the American Medical Association, and the 
American College of Surgeons, maintain services which inspect and approve 
institutions for such residencies In their most recent publications the 
former has approved 275 and the latter 162 Each has set-up standards for 
approval On paper these are excellent In actuality, some of the approved 
residencies are nothing more than internships in which the trainee is shock- 
ingly exploited and spends his time in routine drudgery, failing completely 
to leceive real mstiuction, and has neither opportunity nor time to think — both 
of which are essential It is inevitable that the best residencies are to be 
found in teaching hospitals It by no means follows that good residencies are 
limited to such institutions It is not necessary that a residency be taken 
in a teaching hospital, but it is essential that the director of the residency 
be a teacher One of the greatest difficulties m the nonteaching hospital is 
the meeting of the requuement pertaining to instruction in the basic sciences 
Both of the approving bodies previously referred to require such facilities, 
as does also the American Board of Surgery Provision for instruction in 
Anatomy, Pathology, Bacteriology and Surgical Physiology is essential In a 
hospital connected with a medical school this is a simple matter In the well 
conducted nonteaching hospital adequate instruction may usually be provided 
in Pathology and Bacteriology Anatomy and Physiology present difficulties, 
but not necessarily insurmountable ones In New York City, for example 
certain hospitals have negotiated an agreement with Columbia University 
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whereby a lesident desiring to meet the basic science requirements of a 
Specialty Board may obtain such instiuction without cost, other than the 
payment of a nominal matuculation fee This plan should be extended to 
other teaching centers throughout the country It is already being applied, 
m part, m two other localities 

Formal full-time graduate instruction m a University School offers a 
solution to some of the pioblems which have pioved difficult m the appren- 
ticeship and the lesidency The University of Pennsylvania was the first 
to offer such instiuction Organized in 1916, the first group of student 
physicians was leceived m 1919 Undei this plan a full academic year is 
devoted to a compiehensive leview of the basic sciences of Anatomy, Physi- 
ology, Pathology and Chemistiy, togethei with systematic couises m opeiative 
surgery on the cadaver and on living animals In the lattei, the major effort 
is concentiated upon the mastery of fundamental surgical principles, such as 
prevention and management of shock, control of hemoirhage, prevention of 
infection, wound healing, etc , lather than upon cutting and sewing — things 
w Inch, aftei all, are the easiest that the surgeon is called upon to mastei . In 
conjunction with the foiegomg, the student physician is afforded ample 
opportunity to observe the conduct of operations in the many cLmcs of 
Philadelphia, and in the University Hospitals, to maintain close contact with 
the pre- and postoperative care of patients 

From the beginning, the Graduate School has emphasized the fact that it 
did not attempt to make a suigeon in one academic year, but it has maintained 
that with such an academic year behind him, the student physician is placed 
m a position to become a surgeon thiough additional clinical training Those 
of us who, for many years, have participated m this program of graduate 
education feel that it has a definite place m the making of surgeons and offers 
a solution to the conspicuous shortcomings of the purely apprentice type of 
training That this feeling is shaied by many is evidenced by a steadily 
mci easing number of well qualified applicants each year The Graduate 
School encourages the continuation of training by placing those who complete 
the basic year m acceptable residencies After the satisfactory completion 
of two years m such a residency the tiamee may, upon presentation of an 
approved thesis, be awarded the degiee of Master of Science m Surgery, 
or upon the completion of an additional two years, that of Doctor of Science 
The American Board of Surgery gives full credit for time spent m this 
program 

The Graduate School should take a more active pait m securing clinical 
opportunities for those who complete the basic year than it has heretofore 
Failure to do this constitutes one of the definite shortcomings which must 
be remedied 

These three plans — the apprenticeship, the residency and the graduate 
school — are the paths by which the surgical neophyte may arnve Most men 
undertaking training undei any of these have as their objective certification 
by the American Board In the light of expenence acquired through partici- 
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pation in the examinations of this Board, and in the evaluation of candidates 
for examination, certain conclusions regarding the merits and shortcomings 
of the three may be drawn For the appi enticeship plan, on the credit side 
one finds that it offers probably the maximum of actual operative experience 
and tends to the development of the ability to think and act quickly It 
also offers greater opportunity for a young man to acquire a surgical practice 
and, hence, financial security at an earlier date On the debit side, it is 
unquestionably true that the suigeon tiained today under the apprenticeship 
plan is likely to know much moie of the “how” than of the “why” of what 
he does If apprenticed to a typical “cutter and sewer” he may see and not 
perceive, and may accumulate experience which consists, for the most part, 
of the lepetition of mistakes These men are prone to the early development 
of ceiebial rigidity, characterized by resistance to progress or change, and 
an attitude of intolerance and criticism toward those whose horizons are 
not fixed 

The residency, if it be well organized, is without doubt the best form of 
training The residency, unlike the apprenticeship is an educational discipline 
The resident advances gradually along a well defined path He is given instruc- 
tion in the basic sciences as applied to surgery He is encouraged, or rather 
compelled, to use his powers of observation in the study of his patients He 
must stand up and be counted when it comes to errors in diagnosis, technic 
or judgment In the final phase of his training he is given an opportunity 
to operate independently He is encouraged to think his pioblems through 
and is given constant help and encouragement in their solution Above all, 
if the residency is under the direction of a proper preceptor, the candidate 
can not but profit through precept and example of the one who stands to him 
m loco paientis clmurgicac 

The residency is, however, not without its shoitcommgs The question 
of the optimum length of time which should be so spent has not been answered 
to the satisfaction of everyone The original residencies at the Johns Hop- 
kins were of indeterminate duration, and this, in itself, is not altogether 
desirable In tune the lesident who stays too long develops a cloistei complex 
He becomes so accustomed to having immediately at hand everything to work 
with, and someone to whom he may always appeal for help m extremity, that 
he inevitably loses some of the self-i ehance which is part of the essential arma- 
mentarium of every surgeon who is confronted with surgical actualities He 
may remain so long in Ins institution that his value to the surgically sick 
public may be permanently impaired Again, these long term residents some- 
times become sidetracked through concentration on some restricted phase of 
surgery This is not by w ? ay of criticism of the magnificent work that has 
been done by many such individuals, but it is, nevertheless, a fact that a vast 
amount of effort, primarily intended to qualify a man to take care of 
surgical patients has been wasted For example, it is completely unnecessary 
to spend five years in a surgical residency in order to make contributions to 
the literature of the bacteriology of surgical infections Such a man has not 
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only wasted his own time but has also pi evented anothei, possibly equal!} 
or even supenorly qualified, from becoming a suigeon In the examination 
for ceitification of many men, the pioduct of the protracted residency, the 
writer has been impiessed with the shocking lack of knowledge of certain 
matteis with which all clinical surgeons should be familiar 

Fellowship m the great clinics, of which theie are a numbei in this country, 
ofteis certain things wdnch the residency of indeterminate duiation lacks 
A moi e realistic attitude toward the piactice of surgery is cultivated and the 
necessity of getting things done is impiessed upon the tiamee He acquires 
a lively sense of i esponsibihty with legal d to lesults He piobably has a 
hettei oppoitumty to become familiar with the coi relation of geneial surgery 
with the surgical specialties and internal medicine He definitely does not 
have the opportunity to opeiate independently, nor in some instances even to 
act as fiist assistant at the opeiatmg table This form of training is an 
excellent educational discipline, but before the trainee may take his place 
and receive the stamp of appioval as one qualified to undertake unsupervised 
the complete 1 esponsibihties of the surgeon, he must supplement his Fellow- 
ship w ith some soi t of appi enticeship or precepteeship Here, as m the product 
of the piotiacted residency, theie is a tendenc) toward intolerance of his less 
foituuate brethren of the common herd 

The student physician who completes the basic year an a Graduate School 
must supplement this yeai by further clinical training if he is to qualify before 
his examining board There are, however, each year some wdio take the 
basic course in ordei to fill some hiatus m their tiainmg Many of these have 
had consideiable clinical experience, but feel that they lack knowdedge of the 
basic sciences as applied to surgery Only occasionally in recent years have 
those come who desired refresher courses and the policy of our own insti- 
tution in normal times has been to discourage them The Graduate School, 
m spite of all the criticism leveled at it, has served a useful puipose m the past 
and wall continue to do so m the future It offers to a significant gioup of 
qualified student physicians facilities for formal instruction which cannot be 
obtained elsewhere 

Having considered the past and the present m graduate training m surgery, 
we now r come to the future 

Any discussion of the future must deal with two separate and distinct 
phases of the problem First, the immediate post-war penod and, finally, the 
long range aspect The induction into the armed services of practically all 
able-bodied physicians of trainee age brought graduate education m the 
usual sense to an abrupt halt Those who had partially completed their 
training were forced to interrupt it Those who might, m the normal course of 
events, have begun training were forced to postpone it Thus, the annual sup- 
ply of trained young surgeons ceased A whole medical generation may be con- 
ceivably required to remedy the situation thus created The so-called i esidency 
of nine months, which the War Manpower Commission has been graciously 
pleased to permit, is probably worse than nothing, since it will create a group 
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of inadequately trained men who will consider themselves as superior to 
other less fortunate contemporaries who were placed on active duty at the 
end of a nine months’ internship Of these, it may be truly said that a little 
knowledge is a dangerous thing The product of the nine months’ residency 
will have no significant effect on the general problem of developing surgeons 
in this country It is a stop-gap to peinnt the more efficient care of patients — 
nothing moie or less 

In the period immediately following the cessation of hostilities our fir^t 
consideration should be for those whose formal tiaming v'as interrupted by 
entry into the services To them should be given the opportunity of com- 
pleting their training should they desire to do so Replies to questionnaires 
sent to physicians in the aimed forces indicate that a majority of medical 
officers desire some sort of giaduate education upon discharge from the 
services The “G I Bill of Right” will make this available to all who desire 
it We must, therefoie, prepare ourselves to provide proper facilities for it 
If in any way possible those whose training was mtei rupted should be allowed 
and encouraged to return to the clinics from which they came The problem 
of evaluating their military service for credit before the Boards is a real one 
In all fairness, it must be admitted that much of the experience incident to 
service will be of little permanent value The surgery of war is, at best, 
rough and ready surgery and is largely confined to the surgery of trauma 
Even in this restricted field the young surgeon has scant opportunity of 
following his patients or of knowing what eventually becomes of them He, 
therefore, does not learn to know what to expect from what he does In 
other words, there is but little chance to acquire suigical judgment However 
worthy the service, or patriotic the motive, military service inevitably will 
occupy a minor place in surgical education The American Board of Surgery, 
after careful consideration of every aspect of this problem, has allowed one 
year of training credit for the first year of service with the armed forces, 
regardless of how that year is spent This is a gesture recognizing the sacri- 
fice that the young doctor has made and not an admission that a year in 
the Army or Navy is the equivalent of a year of training under normal 
conditions Beyond this first year credit will depend upon the actual type 
of service engaged in If a candidate is assigned to the surgical service of a 
regularly constituted military hospital, credit may be allowed upon the sub- 
mission of an acceptable record of service The Board has not lowered or 
modified in any way the other requirements for admission to examination, 
nor has there been any change in the character of the examination itself 
To do either would be manifestly unfair to those who have qualified m the 
past and who will qualify in the future 

It is quite possible that the American College of Surgeons may change 
its method of admission to Fellowship A special committee appointed to 
make a study of the subject has already submitted a preliminary report 
The following citations from this report are here given by permission of 
the chairman of the committee, Dr Frederick Coller The question has 
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been raised Could not the American College of Surgeons conduct an exam- 
ination m the basic pi maples of surgeiy, leplacmg Part I of the examination 
now given by many boards This would, in addition, serve 'as an initial 
test foi those aspnmg to Fellowship in the College Following this exam- 
ination, and aftei furthei tiaimng, those who passed the initial examination 
would latei take the examinations given by the vanous Boards of the Surgical 
Specialties Aftei having passed his particular Board, the candidate would 
become eligible foi Fellowship in the College This plan would take care 
of all men intending to limit their w f oik, but it would not take care of a large 
group of men piactismg m small towns and who, while doing good surgery, 
eithei are unable 01 unwilling to confine their practice to surgeiy The 
lepoit offeis the suggestion that the chaiacter of Junior Fellowship might 
be changed This might be leserved for those who have passed the initial 
examination, but subsequently failed to limit their practice Since the title 
of Junior Fellow w r ould be for a limited number of yeais, and be continued 
only during good behauor, this group w'ould be encouiaged to secuie fuither 
training and to othenvise meet the lequuements for certification by a Boaid 
and for Senioi Fellowship in the Amencan College of Surgeons Such a 
plan would budge the yeais between the piesent and the time when enough 
men with adequate tiaimng wall be available to every community 

For those who had come until in one year of completing their training, 
the pioblem is simple Foi those wdio have had less, it will be difficult m 
direct propoition Foi those who w-ould have commenced their training but 
for the wai, it will be most difficult of all Many of this latter group will 
be, for one reason 01 anothei, permanently lost to suigery Regardless of 
the subdivision into which they may fall, each and everyone of these men 
deserves w r ell of lus profession, as he deserves w^ell of his country, and it 
is the obligation of all of us who are concerned to see to it that he 
is not let dowm This wall be no simple obligation to fulfill With each year 
of the war the numbei of men for wdiorn training facilities must be piovided 
after the w r ai will increase Even before the- war there w ; ere not enough 
places wffiere men qualified to undergo training in surgery could obtain it 
Thus, the necessity for some long-iange plan becomes obvious and naturally 
merges with the immediate post u r ai problem 

Vanous estimates of the qualified surgeons required annually to replace 
those deceased, superannuated, or retired foi othei reasons, place the figure m 
round numbei s from 200 upwards These figures are not completely leliable 
since the methods of ai 1 lvmg at the annual requirements diftet considerably 
In order to supply 200 completely trained surgeons each year, approximately 
1,000 would have to be m training if a steady supply is to be maintained 
If more than 200 new surgeons are required annually, the numbei in training 
w-ould have to be proportionately greater 

The need for increased training facilities can be met only by the creation 
of more residencies There is in the country today a shocking waste of op- 
portunity m this respect As stated elsewdiere, there are countless hospitals 

801 



CALVIN M SMYTH, Jr 


Annals of Surgery 
June 1945 


where the men and material are available for setting up excellent training 
programs insufficient interest can be aioused One often hears, when sug- 
gesting that such a plan be initiated, that it is too much trouble Such 
people requite education and should be made to see their responsibilities 
No chief of a surgical seivice who has experienced the satisfaction which 
attends a well organized residency would ever voluntarily return to a system 
wheieby he depends upon the services of an intern and a part-time apprentice 
It is to be regretted that an occasional hospital superintendent questions in 
terms of dollars and cents the value of a resident to the hospital These 
too must be shown the light 

I have attempted in this communication to discuss the past and the present 
in Graduate Surgical Training m America Ceitain aspects of the future 
have been touched upon Certain it is that the responsibility for keeping the 
toich of surgical piogiess burning will leside for many years to come in 
the hands of American surgeons Let us dedicate our best efforts to the 
end that we may prove woithy of this responsibility 
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LOCAL FLUID LOSS, NERVE STIMULI AND TOXINS IN 
THE CAUSATION OF SHOCK* 
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TROM THE DEP ARTMENT OF SURGERA, THE UNIVERSITY OF CHICAGO, CHICAGO, ILL 

The recent experiences of surgeons in both civilian and military 
piactice 1 ’ 2 confiim the expenmental evidence submitted during the past fifteen 
yeais that local loss of cnculatmg fluid is by far the most outstanding cause 
of tiaumatic shock in peisons in relatively good geneial condition at the time 
of injury or operation No bettei pi oof could be offered than the striking 
impiovement in the prevention and treatment of shock that has been obtained 
by veiy adequate and timely tiansfnsions of blood and plasma before, during 
and after operative caie 

Nervous and toxic factors have been investigated, but so far little informa- 
tion has been acquned that is of service in the tieatment of the shocked 
patient Working on the theory that nerve stimuli fiom the seat of injury 
or operation pioduce shock, attempts weie made by surgeons to prevent its 
occuirence by the blockage of neive impulses This was carried out by the 
injection of a local anesthetic into the field of opeiation or into nerve 
tiunks, either as a supplement to geneial anesthesia, m pursuance of the 
anoci-association technic of Crile,’ 5 or as the sole anesthetic agent After 
yeais of veiy extensive tnal this method of pi eventing shock has met with 
so little success that its use has been practically abandoned Local mfiltiation 
or block anesthesia is used whenever feasible foi operation where shock is 
threatened or present, but this is done because the general toxic effects 
are usually less than those of general anesthesia and not because of the pos- 
sible shock-preventing benefits of nerve block The general toxic effects of 
spinal anesthesia, except when large doses aie given foi high anesthesia, 
are also usually less than those of deep general anesthesia This is especially 
true of continuous spinal anesthesia when used in piolonged abdominal opera- 
tions where good relaxation of the abdominal wall is essential However, 
where marked impairment of the circulation from any cause is present 
before opeiation, the frequent additional lowering of blood pressure and 
disturbance of respiration produced by spinal anesthesia contraindicates its 
use, as the condition may be seriously augmented 4 

Swingle, and coworkers, 5 have recently concluded from limb trauma 
experiments performed on dogs, that a flow of nociceptive nerve stimuli from 
the traumatized area played an important part m the production of the 
shock that ensued It was leported by them that when an amount of trauma 
somewhat greater than that required to produce shock and death within a 
few hours m conti ol experiments was administered m the presence of procaine 

*' This work was done in part on a grant from the Douglas Smith Foundation for 
Medical Research of The University of Chicago 
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spinal anesthesia and the anesthesia maintained for three to four hours, the 
incidence and seventy of shock was greatly reduced In 12 such experi- 
ments ten of the dogs showed none of the characteristic symptoms of shock, 
and recovered They state “The evidence was quite convincing that 
prolonged spinal anesthesia effectively prevents shock resulting from muscle 
trauma of the type described ” And, again “The evidence indicates that 
a flow of nociceptive stimuli from the traumatized regions, unless prevented 
by spinal anesthesia or a local block, is an important contributing factor in 
the initiation of the shock state which follows the type of muscle trauma 
employed ” Also “The nervous factor taken in conjunction with the loss 
of blood into the lnjmed area almost invariably produces shock, but it is 
improbable that either factor considered apart from the other is sufficient 
to induce a fatal outcome in the type of trauma employed ” 

They made use of local block (1) by injecting a 2 per cent to 4 per cent 

procaine solution either directly into or about the major nerve trunks or 

diffusely into the muscles of the limbs, and (2) by applying tight constrictors 
to both thighs They report that while considerable success was obtained 
by these methods, they did not give a protection against shock as complete 
as that afforded by spinal anesthesia However, because they found these 
methods partially successful and spinal anesthesia almost wholly so, they 

conclude that this “seems good evidence for the existence of a nervous 

factor in this type of shock ” 

All of their dogs were anesthetized with ether, and ^ when spinal anesthesia 
was used, a 2 per cent procaine solution was injected at the level of L-3-4 in 
amounts varying from 1 8 to 3 o cc , according to the weight of the animal 
This reduced the blood pressure to an average of 75 Mm of Hg Both hind 
limbs were then traumatized with a rawhide mallet, after which the ether 
was removed and the spinal anesthesia continued for three to four hours by 
two or three subsequent injections of procaine 

They considered the criticism that since the blood pressure under spinal 
anesthesia was low, the trauma vmuld produce less extensive hemorrhage and, 
therefore, less tendency to shock from local fluid loss However, since the 
trauma w r as greater than in the conti ol animals and since some protection 
v'as afforded by nerve block from pressure by a tourniquet or by procaine 
infiltration, vffiich caused no fall in blood pressure before trauma, they 
felt that this criticism had been met Pooling of blood was found m the 
traumatized tissues, but no measurement of the amount of local fluid loss 
w'as made 

In a subsequent publication 0 the same authois reported that m a very 
large majority of cases neither cutting of the major nerves to the hind limbs 
nor complete section of the spinal cord at the level of T-13/L-1 prevented 
the development of fatal shock after the same kind of limb trauma had been 
applied The findings are paradoxical in terms of the previous report of 
these authors, m vffiich they stated that procaine nerve block or spinal anes- 
thesia is an important protection against shock by eliminating nociceptive 
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stimuli from the traumatized hind limbs They also reported that if only 
the ventromesial portion of the cord with its descending tracts w as preserved, 
the animals weie protected against limb trauma shock of the type described, 
that cutting this area might sensitize to shock by causing vasodilatation and 
excess pooling of blood m the tiaumatized region distal to the level of the cut 

Spinal anesthesia produces temporary blockage not only of the sensory 
fibers but also of all other fibers of the loots of the spinal cord that are suf- 
ficiently exposed to the anesthetic agent Blockage of the sensory fibers 
ai rests not only sensation but presumably nociceptive stimuli Blockage of 
the vasomotor fibers is geneially recognized as the principal cause of the 
fall in blood pressure Blockage of the motor fibers, by paralyzing the volun- 
tary muscles, conti lbutes to the fall m blood pressure by diminution of mtra- 
abdommal tension, by interference with respiration and, according to some 
authois, 7 by removal of extravascular support of the capillaries, venules and 
veins thus, causing a pooling of blood in the involved aieas Blockage of 
specific afferent piessor and depressor fibers, which are known to ex^st, 8 
might be expected to have little effect on blood pressure since the action of 
each type of fibei is antagonistic to the other and their effects are neutralized 
when both are removed 

If some of the findings and interpretations reported by Swingle, and his 
coworkers, aie valid, they call for attempts to extend the field of spinal 
anesthesia and lenewed efforts on the part of surgeons to prevent shock by 
the blockage of nerve impulses fiom the field of operation 01 injury by the 
use of local anesthetics In a search for more evidence on this subject, 
an effoit was made to determine how much of the reported piotection against 
limb tiauma shock affoided by spinal anesthesia was due to blockage of 
sensoi \ nerves preventing the flow of presumable nociceptive stimuli from 
the traumatized field and how much was due to blockage of -vasomotor and 
motor nerves with resultant temporary fall in blood pressure reducing the 
amount of hemorrhage Experiments were conducted on 38 dogs, divided 
into three mam groups The trauma was limited to the right hind limb 
and the local fluid loss was determined by comparison of the weights of the 
hindquarters, using the bisection technic of Blalock 

In Group I, control experiments, the trauma was applied with the nerve 
pathways of the hind limbs intact and the blood pressure at noimal levels 
In Group 2 the tiauma was applied with the neive pathways of the hind 
limbs and much of the trunk blocked and the blood pressure lowered by 
spinal anesthesia In Group 3 the tiauma was applied with the nerve 
pathways intact, but with the blood pressure in the right hmd limb loweied 
by ligation of the right iliac aitery and one or more proximal blanches of 
the femoral artery" Thus, it was possible to test the relative roles of nociceptive 
stimuli and local fluid loss m the production of limb trauma shock in animals 
both with and without preliminary blockage of the nerve pathways and with 
and without preliminary lowering of the blood pressure of the traumatized 
region 
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EXPERIMENTAL TECHNICS 

The hair of all dogs was clipped from both hind limbs and the torso 
up to the level of T-13 The animals were then restrained on their backs 
and anesthetized with ether until the completion of traumatization The 
initial and subsequent blood pressure leadings were made by punctures of 
the left femoial artery and the blood samples were taken at the same time 
when needed Red count, hemoglobin and hematocrit determinations were 
made on samples taken before etherization, 15 to 30 minutes after trauma- 
tization and at varying intervals thereafter, depending upon the type of 
experiment and the length of suivival Tiauma was applied with an 800 Gm 
padded hammer to all faces of the right thigh and upper leg, approximately 
three-quarters of w'hich was to the antenoi surfaces Blow's were so 
moderated that skin, bones and femoral artery and vein w^ere not broken, 
as verified by neciopsy 

The results in seveial hundied limb tiauma experiments in this laboratory 
during the past 18 years have shown that there may be considerable variation 
in the amount of local fluid loss when a unifoim technic of hammering is 
attempted This is due in pait to the human error of varying fiom day to 
day the severity and distribution of the trauma, in pait to chance injury of 
larger vessels producing more extensive hemorihage in some experiments, 
and in part to anatomic vai lations in blood supply In this study, when blows 
were unintentionally seveie enough to teai the femoral artery (one case) or to 
break the femur (two cases), the hemorrhage was relatively great, shock and 
death ensued and the experiments weie excluded from the three groups 

In those experiments m which the animals w^ere sacrificed termination 
was effected by ether Aseptic technic was employed in all experiments in 
which the animals were leturned to then cages and given the opportunity to 
survive The increase in weight of the traumatized over the nontraumatized 
side is recorded in grams, and is also expressed in per cent of the blood 
volume, which was estimated at 10 per cent of the body weight 9 

EXPERIMENTAL RESULTS ] 

Gio'iip 1 — The results are shown m Table I In these conti ol experiments, 
with the blood pressures starting at normal levels, the trauma applied averaged 
20 blows per Kg of body weight The limb swelled rapidly as it was 
hammered, and the swelling was extensive in all cases by the time the blood 
pressure had been definitely reduced to a shock level The number of blows 
was vat led m two cases to accoid with the amount of limb swelling and 
embarrassment to the circulation When the blood pressure was read 15 
minutes after completion of trauma the pulse was weak and accelerated and 
the lespirations somewhat embarrassed The pressures declined steadily 
until death took place 

Careful observation revealed that by far the greatest part of the swelling 
took place during the hammering, wdneh indicated an early, rapid loss of 
blood into the field of trauma Fuither swelling was most marked during the 
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Hist five to ten minutes following tiauma, after which the progiess was slow 
and an mciease in the spread to the abdominal wall above the limb occurred 
This quick retardation of swelling was taken as evidence of early sealing 
off of the opened vessels under the favoiable condition of lowered blood 
pressure from blood loss The changes m red blood count, hematocrit and 
hemoglobin indicated a veiy slight to model ate blood dilution 

Table I 

FLUID LOSS IN RIGHT HIND LIMB TRAUMA IN CONTROL DOGS DUNG IN SHOCK FROM TRAUMA 






B P 

Survival 

Fluid Los3 Into 




Control 

Amount 

10 Min 

After 

Traumatized Limb 




Blood 

of 

After 

Start of 


, 


Enp 

Wgt 

Pressure 

Trauma 

Trauma 

Trauma 


% of Est 


No 

Kg 

mm Hg 

Blows/ Kg 

mm Hg 

Hrs 

Gm 

B1 Vol 

Blood Changes 

36 4 

16 8 

156 

17 0 

46 

2 5 

769 

45 7 

Very slight dilution 

373 

12 3 

120 

20 0 

70 

4 3 

609 

49 5 

Early dilution with 









slight terminal concen- 









tration 

37S 

20 6 

126 

20 0 

76 

4 0 

1020 

49 5 

Moderate dilution 

380 

10 4 

126 

20 0 

44 

1 2 

505 

48 5 

Early dilution Termi- 









nal concentration 

381 

12 3 

144 

22 0 

65 

2 0 

499 

40 5 

Moderate dilution 

Averages 


134 

19 S 

60 

2 8 

— 

46 7 



The amount of fluid lost into the traumatized part, as shown by compara- 
tive weights of the hindquarters, averaged 467 per cent of the estimated 
blood volume for the gioup This is within the lange of the average per 
cent of the estimated blood volume which is obtained on bleeding to death 
in comparable time dogs anesthetized with ether, and indicates that the fluid 
lost was very laigely blood Necropsy re\ ealed considerable bruising and 
maceration of muscles and subcutaneous tissues and extensive pooling and 
infiltration of fluid consisting predominantly of blood 

Gioup 2 — In 15 experiments, divided into thiee series, a 2 per cent solu- 
tion of procaine was injected mtrathecally m amounts sufficient to produce 
anesthesia m the low er extremities and abdomen and lowei the blood pressure 
to levels within the desired lange before the application of trauma Readings 
taken from 5 to 15 minutes after injection showed pressures ranging from 
82 to 50 Mm Hg , of which n were under 76 Mm Hg These pressures 
were obtained by a single injection of 3 3 mg /Kg of body weight m seven 
cases, and by 4 o mg /Kg in two cases In the remaining experiments addi- 
tional injections of varying amounts were necessary to obtain the desired 
pressure range 

As soon as the pressure had been lowered within the above range the 
limb was traumatized, and it was noted that the lesultant swelling was much 
less than that produced by a corresponding number of blows m Group 1 
Except for four instances, the procedure of Swingle, and associates, of applying 
more trauma than m the control experiments was followed The number 
of blows per Kg of body weight was 25 m eacli experiment except Nos 372, 

I 376, 382 and 370, 111 which instances it was 20 When the blood piessuies 

were read 15 to 20 minutes after trauma they were found m some cases 
to be lower than before trauma, but in most cases they were appieciably higher 
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The readings were taken at a time when the vasodepiessoi effect of the pro- 
caine was usually wearing off By the end of a 45- to 75-minute period of 
spinal anesthesia, as indicated by the first return of tail 01 leg reflexes, the 
piessure had risen much above the shock level, the tiaumatized limb showed 
lelatively little fuither mciease in size and the animals were fiee from evi- 
dences of shock The low blood pressure dui mg and tor some time after 
trauma favored the sealing-off of the opened blood vessels and the early 
arrest of hemorrhage 

Senes 1 — In older to determine the amount of local fluid loss from 
trauma that had been applied at a time of low piessure following a single 
spinal injection of procaine, five animals weie injected, tiaumatized, and then 
sacrificed 1 3 to 4 3 hours later The results are shown m Table II In 

Table II 

FLUID LOSS IN RIGHT HIND LIMB TROM TRAUMA APPLIED WHILE BI OOD PRESSURE WAS LOWERED BT SINGLE 
INJECTION OF SPINAL ANESTHETIC SACRIFICE 1 3 TO 4 3 HOURS ArTTR TRAUMA 

Fluid Loss Into 

B P After Sacrificed Traumatized Limb 




Control 

B P 

Tra 

,uma 

After 


—A — 

Dog 

Wgt 

B P 

After 


* - . 

Trauma 


% of Est 

No 

Kg 

mm Hg 

Spinal 

Hrs 

mm Hg 

Hrs 

Gm 

Bl Vol Blood Changes 

363 

11 1 

154 

66 

0 7 

96 

4 3 

358 

32 2 Very slight concentration 





3 5 

120 




372 

17 1 

144 

58 

0 3 

32 

1 7 

420 

24 6j Earlj dilution followed 





1 S 

116 



| by slight concentration 

376 

11 0 

154 

60 

0 3 

44 

1 3 

244 

22 2j 





1 3 

128 




425 

10 0 

120 

75 

0 25 

105 

1 3 

200 

20 0 ] 





1 25 

130 



1 Slight concentration 

426 

12 5 

144 

82 

0 25 

72 

1 3 

268 

21 4 1 


1 25 134 

Averages 143 68 24 1 

each instance the leg and tail reflexes had leturned by the time of sacrifice 
and the blood pressure had climbed well up towaid the conti ol level without 
lesultmg in extensive limb swelling There was little or no evidence of 
circulatory change beyond a slight to moderate lowering of blood pressure 
The increase in limb volume averaged 24 1 pei cent of the estimated 
blood volume, only slightly more than half that found 111 the control group, 
and with but one exception, Dog 363, was below the level at which it might 
be expected ultimately to produce shock Necropsy revealed maceiation of 
tissues at the trauma site at least equal to, and m some cases greater than, 
that observed in the control experiments, but theie was a great deal less 
extravasated blood and plasma The blood changes wei e either inconsequential 
or a slight concentration 

Senes 2 — To determine the effect of a more continuous spinal anesthesia 
on the amount of local fluid loss from trauma, five animals were injected 
mtrathecally with procaine, traumatized and then given subsequent injections 
at intervals varying from o 75 to 1 25 hours through the needle which had 
been left in situ The intervals between injections were determined by the 
first appearance of tail or leg reflexes Anesthesia was maintained for 
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periods of from 3 7 to 4 1 hours The results are shown m Table III The 
doses after trauma were smaller than the primary dose by two-fifths to 
three-fifths and usually produced less marked and less prolonged lowering 
of blood pressure They were sufficient, however, to keep the tail and leg 
reflexes abolished At the end of the period of anesthesia the relatively 
high blood pressure and the responsiveness of the animals attested to the 
absence of shock 


Table III 


FLUID LOSS IN RIGHT HIN’D LIMB FROM TRAUMA APPLIED WHILE BLOOD PRESSURE WAS LOW FRED B\ SPINAL 
ANESTHESIA ANESTHESIA PROLONGED 3 7 TO 4 1 HOURS BY REPEATED INJECTIONS 
SACRIFICE 4 TO 5 8 HOURS AFTER TRAUMA 


B P mm Hg 


• * Fluid Loss Into 

10-15 Min Duration B P After Sacrificed Traumatized Limb 

After of Spinal Trauma After ■ * 

Dog Wgt Spinal After • — ■» 'Trauma % of Est 

No Kg Control Anesthesia Trauma Hrs mm Hg Hrs Gm B1 Vol Blood Changes 


382 11 1 130 80 37 0 4 

4 0 \ 

5 7 


427 

13 

6 

125 

74 

4 1 

0 2 
4 0 

428 

15 

3 

144 

78 

4 0 

0 2 
4 0 

431 

13 

2 

116 

66 

4 0 

0 2 
4 0 

434 

12 

1 

110 

64 

4 0 

0 3 
4 3 

A% erages 


125 

72 

4 0 



70 

5 8 

248 

22 

3 

No change first 2 

107 

96 

80 

4 3 

507 

37 

3 : 

hrs Concentration 
to 4th hr , then mod- 
erate dilution 

112 

104 

4 0 

335 

21 

9 ! 

■ Slight dilution then 

138 

100 

4 2 

231 

17 

5 ! 

concentration 

118 

50 

4 3 

166 

13 

7 

Moderate dilution 

116 

4 5 


22 

5 



Sacrifice was made 4 o to 5 8 hours after trauma and the increase in limb 
volume averaged 22 5 per cent of the estimated blood volume This is 
further evidence of the early arrest and smallness of the hemorrhage resulting 
from the trauma under condition c of low blood pressure Necropsy revealed 
that the maceration of tissues and extravasation of blood and plasma were 
similar m amount to the findings m Series 1 of this group The red blood 
count, hemoglobin and hematocrit changes were not marked m any case 
Sei tes 3 — In order to determine the ultimate effects on the circulation of 
limb trauma performed under a more continuous spinal anesthesia, five dogs 
were treated as were those m Series 2 except that, instead of being sacrificed 
at the end of the three- to four-hour period of spinal anesthesia, they were 
given the opportunity to survive After taking blood pressures and blood 
samples, they were returned to their cages five to seven hours from the time 
they were restrained on the table, and then given food and drink The 
limb swelling appeared to be about equal to that seen m Series 2, and all 
animals were free from shock The results are shown m Table IV 

On the following morning they had recovered from the general effects 
of the experiment, and their blood pressures registered in the vicinity of 
normal The traumatized limb was much more swollen than on the previous 
afternoon After taking blood samples and pressures, the animals were 
sacrificed and necropsied There was little or no gross evidence of visceral 
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changes Incisions of the traumatized limbs revealed the presence of blood 
and macerated tissue, and in addition, a consideiable amount of edematous 
fluid This late shift of fluid to the traumatized part took place concomitantly 
with the drinking of watei and did not impair the general circulation 


Table IV 

DOGS SURVIVING RIGHT HIND LIMB TRAUMA APPLIED WHILE BLOOD PRESSURE WAS LOWERED BT SPINAL ANPS- 
THESIA ANESTHESIA PROLONGED 3 TO 4 S HOURS BY REPEATED INJECTIONS SACRIFICE FOI LOWING DAY 
Duration Blood Pressure — mm He 

of Spinal . * 

Anesthesia 10-15 Min 15 Min 3 7 to 4 8 22 5 to 24 0 

Dog Wgt After Trauma After Spinal After Hrs After Hrs After 


No 

Kg 

Hrs 

Control 

Injection 

Trauma 

Trauma 

Trauma 

Remarks 

370 

18 3 

3 5 

144 

76 

80 

124 

124 

No shock Recoveted 
Drank 1200 cc water 
Sacrificed 23 hrs 

409 

11 5 

3 0 

150 

54 

56 

100 

116 

No shock Recovered 
Drank 1600 cc water 
Sacrificed 22 5 hrs 

421 

9 7 

4 5 

158 

50 

70 

98 

140 

No shock Recovered 
Drank 900 cc water 
Sacrificed 22 3 hrs 

423 

8 1 

4 0 

135 

75 

100 

126 

154 

No shock Recovered 
Drank 1800 cc water 
Sacrificed 24 hrs 

424 

1 1 1 

3 0 

120 

71 

108 

116 

120 

No shock Recovered 
Drank 8C0 cc water 
Sacnfeed 23 3 hrs 

Averages 

3 6 

141 

65 

83 

113 

131 



The blood changes are shown in Table V The only consistent change 
was a moderate dilution between the last determinations in the afternoon 
and those of the following morning, which came about with the taking of fluids 
During the first four hours of the experiment the changes were either incon- 
sequential or slight to model ate concent lation 

Gioup 3 — In 18 experiments the blood -pressures of the limb to be trau- 
matized were reduced, with two exceptions, to a level of 73 Mm Hg , or 

T\bld V 

BLOOD STUDIES ON DOGS SHOWN IN TABLE IV 


Samples after Trauma 
Hrs 


Exp 

No 

Control 

Sample 


0 3 

1 8 to 2 8 

3 3 to 4 8 

22 to 24 

370 

R B C M 

7 24 

6 40 

7 60 

7 94 

7 00 


Hb Gm 

16 5 

14 6 

16 8 

16 9 

15 4 


Her % 

49 5 

43 0 

49 0 

50 5 

44 5 

409 

R B C M 

7 32 

7 50 

8 60 

8 28 

7 06 


Hb Gm 

15 0 

15 3 

17 4 

16 9 

14 5 


Her % 

45 5 

46 5 

51 5 

50 0 

42 0 

421 

R B C M 

6 56 

6 46 

6 40 

6 72 

5 58 


Hb Gm 

14 7 

14 5 

14 2 

14 9 

12 4 


Her % 

43 0 

43 0 

42 5 

44 0 

36 0 

423 

R B C M 

7 00 

7 48 

7 64 

7 26 

6 08 


Hb Gm 

15 0 

15 5 

16 0 

15 0 

12 4 


Her % 

43 5 

47 0 

48 0 

46 0 

36 5 

424 

R B C M 

6 23 

6 51 

6 46 

6 64 

5 74 


Hb Gm 

12 6 

13 0 

12 9 

13 2 

11 5 


Her % 

37 0 

39 0 

39 0 

39 5 

34 0 
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below , b}' ligation of the iliac aiteiy and one or more proximal branches of 
the femoial aiteiy thiough an incision just above and paiallel to Poupart’s 
ligament The iliac was fiist ligated and the blood piessure in the femoral 
arteiy then obtained If the piessure was not below 76 MmHg, the pro- 
founda femons was then tied This usually sufficed, but m a few cases 
ligation of othei pioximal blanches was lequned m order to attain lower levels 
In some cases the reduction of pressuie was below the levels produced by 
spinal anesthesia m Gioup 2, but the aveiage for the group was 63 Mm Hg 
The expei iments weie divided into thiee senes foi comparison with those 
in Group 2 

Senes 1 — Studies w'eie made 111 eight dogs of the early effects on the 
uiculation and limb volume of tiauma applied following arterial ligation, 
but until the nerves left intact The results are shown in Table VI 


Table vi 

FLUID LOSS IN RIGHT HIND LIMB TROM TRAUMA APPLIED WHILE ITS BLOOD PRESSURE WAS LOWERED Bt PERMA- 
NENT LIGATION OF THE ILIAC ARTERT AND ONE OR MORE PROXIMAL BRANCHES OF THE TEMORAL ARTERY 

SACRiriCE 1 1 TO 2 2 HOURS AFTER TRAUMA 
Femor il Artery Blood Pressure 
mm/Hg 


Right Fluid Loss Into 






Left 

After Ligation 

Sacrificed Traumatized Limb 

AftAr a ... 

Exp 

Wgt 

Amount - 
of Trauma 

Before 

1 Hr After 

Before 

1 Hr After Trauma 


% of Est 

No 

Kg 

Blows/Kg 

Trauma 

Trauma 

Trauma 

Trauma 

Hrs 

Gm 

BI Vol 

387 

10 1 

20 0 

150 

106 

54 


1 1 

272 

26 9 

390 

8 3 

20 0 

140 

116 

70 

34 

2 2 

81 

9 8 

391 

10 2 

25 0 

170 

(2 hrs 1101 
120 

70 

38 

1 2 

172 

16 9 

393 

10 4 

25 0 

150 

130 

52 

32 

1 2 

60 

5 8 

397 

9 7 

25 0 

130 

100 

54 

30 

1 4 

28 

2 9 

398 

10 2 

25 0 

150 

120 

52 

32 

1 4 

96 

9 4 

399 

21 2 

25 0 

170 

135 

120 

64 

1 4 

700 

33 0 

404 

9 3 

25 0 

145 

110 

28 

28 

1 5 

72 

7 7 

Averages 



150 

116 

63 

37 





The trauma consisted of 25 blows per Kg body weight except m experi- 
ments Nos 387 and 390, where it w'as 20 blows per Kg Blood pressures 
were taken from the right and left femoial arteries both before and one hour 
after trauma (two hours m one case) and blood samples weie obtained from 
the left femoral aitery at the same time It w'as noted that limb swelling 
w'as very slight in most cases, and while there rvas a model ate reduction m 
blood pressure one hour aftei trauma, theie were no indications of shock 
The animals were sacrificed 1 1 to 2 2 hours after trauma Comparison 
of weights of the hindquarteis revealed much variation, but, on the whole, 
considerably less increase in volume of the traumatized side than w'as found 
m Series 1 of Group 2 This was due to the more complete interference 
with the limb cn dilation by the peimanent ligations, and also to injury of 
collateral vessels by the tiauma, as indicated by the very low pressure readings 
m the right femoial artery one hour after trauma Incisions of the traumatized 
region showed much bruising of tissues but usually relatively little extravasa- 
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tion of blood or plasma The red count, hemoglobin and hematocrit deter- 
minations revealed very little blood change 

Senes 2 — In five dogs subjected to ligation followed by limb trauma of 
25 blows per Kg of body weight, the procedures and findings were the same 
as in the above series during the first hour following trauma At this point, 
however, the ligatures were removed in order to simulate the conditions in 
Series 1, Group 2, where the blood pressure rose with the wearing-off of the 
single spinal anesthetic The results are shown in Table VII 

Table VII 

TLUID LOSS IN RIGHT HIND LIMB TROM TRAUMA APPLIED WHILE ITS BLOOD PRESSURE WAS TEMPORARILY LOWERED 
BY LIGATION OI' THI ILIAC ARTERY AND ONE OR MORE PROXIMAL BRANCHES OF THE FEMORAL ARTERY 
LIGATURES REMOVED ONE HOUR AIMER TRAUMA SACRIFICE 2 5 TO 1 1 HOURS AFTER TRAUMA 

B P Right Femoral A 
mm Hg 


B P Left Femoral A After Ligature Fluid Los* Into 

mm Hg While Ligated Removed Sacn- Traumatized 

■ . » . ■ ficed Limb 

1 Hr 1 Hr 10 Mm Just After . • 


Exp 

Wgt 

Before 

After 

Before 

Before 

After 

After 

Before 

Trauma 


% of Ed 

No 

Kg 

Trauma 

Trauma 

Sacrifice 

Trauma Trauma 

Removal 

Sacrifice 

Hrs 

Gm 

B1 Vol 

394 

19 0 

146 

130 

104 

72 

50 

122 

106 

2 5 

420 

22 0 

395 

22 2 

135 

110 

110 

73 

40 

110 

110 

2 5 

560 

25 2 

400 

IS 5 

150 

140 

125 

70 

48 

140 

120 

2 5 

451 

29 1 

405 

17 7 

145 

130 

130 

72 

48 

130 

125 

3 1 

270 

15 5 

408 

18 1 

160 

130 

no 

84 

46 

120 

no 

3 0 

380 

21 0 

Averages 

147 

128 

116 

74 

46 

124 

114 

2 7 


22 6 


Upon removal of the ligatures the pressure m the femoral artery rose 
promptly to the geneial level of that obtained in the opposite limb one hour 
after trauma, and the limb subsequently showed only slight evidence of 
further swelling Just previous to sacrifice, 2 ^ to 3 x hours after trauma, the 
animals were found to have model ate reductions in blood pressure, similat 
to those of Series 1, Group 2, and, likewise, there were no signs of shock 
Comparison of weights of the hindquarters revealed approximately the same 
amount of fluid loss into the tiaumatized limb as Avas found m Series 1 and 
2 of Group 2 Expressed in terms of the estimated blood volume, it rvas less 
than one-half of the percentage lost in control Group 1 Incisions of the 
traumatized region revealed extensive maceration of tissues and only a mod- 
el ate amount of extravasated blood Blood studies shoived either no change 
01 a very slight concentration 

Senes 2 — Fn^e experiments were performed in order to elicit the long- 
term effects of trauma to the right hind limb Avith its blood pressure lorvered 
by arterial ligation and its nei ve pathways intact The results are shoAvn in 
Table VIII The arteries were exposed and tied and the Avound closed* 
using aseptic technic, after which 25 blows per Kg of body weight Avere 
applied Back pressure in the right femoral artery Avas read only immediately 
after ligation The animals Avere kept restiained on their backs on the table 
for four to five hours and during this time the blood pressure, as measured 
in the left femoral artery, remained either up to the control level or Avas only 
moderately reduced The traumatized limb became slightly to moderately 
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swollen When the dogs were returned to their cages they moved about with 
little difficult} and drank \\ ater freely The following morning they had 
reco\ ei ed from the geneial effects of the experiment and the blood pressures 
were found to be veiy slightly to moderately reduced from the initial pres- 
sures Sensation was intact m the tiaumati7ed limbs and considerably more 

Table VIII 

DOGS SURVINING RIGHT HIND LIMB TRAUMA APPLIED WHILE BLOOD PRESSURE OF TRAUMATIZED LIMB WAS 
LOWER! D BN PERMANENT LIGATION OF THE ILIAC ARTERN AND ONE OR MORE BRANCHES 
or THE FEMORAL ARTERN SACRIFICE FOLLOWING DAY 

Femoral Artery B P mm Hg 


Left 

Right Hrs After Trauma 


Exp 

No 

Wgt 

Kg 

Left 

Initial 

After 

Ligation 

1 

4-5 

21-24 

Remarks 

396 

17 5 

155 

46 

130 

130 

150 

No shock Recovered 

107 

10 6 

160 

j8 

130 

130 

125 

Drank 2,100 cc water 
Sacrificed 22 5 hrs 

No shock Recovered 

410 

17 2 

128 

38 

128 

124 

115 

Drank 1,700 cc water 
Sacrificed 22 Ohrs 

No shock Recovered 

413 

17 3 

180 

44 

130 

180 

148 

Drank 600 cc tvater 
Sacrificed 218 hrs 

No shock Recovered 

414 

12 5 

166 

38 

110 

136 

135 

Drank 1 400 cc water 
Sacrificed 22 5 hrs 

No shock Recovered 

As erage 


158 

49 

126 

140 

135 

Drank 1,400 cc water 
Sacrificed 23 5 hrs 

swelhn 

g had occurred, 

as was 

found m Series 3 of 

Group 2 

Incisions aftei 


sacrifice revealed maceiated tissues, blood and edema m the tiaumatized 
regions and considerable swelling of nontraumatized tissues above and below 
the site of trauma The blood changes m the early period were variable and 
relatively slight, but a slight to moderate dilution was present m all cases 
on the following morning, as shown in Table IX 

Discussion — The lesults in Group i are m line with the generally 
recognized findings in limb trauma experiments that produce death within a 
few hours The local fluid loss of an average of 4 67 P er cent of the estimated 
blood volume is within the range of the average blood loss when anesthetized 
dogs are bled to death m comparable periods of time The rapid swelling of 
the limb during and shortly after the trauma, the low blood piessuie read 
ten minutes after trauma, and the neciopsy findings of large amounts of 
extravasated blood constitute convincing evidence that the piedonnnant cause 
of the shock and death was the loss of blood into the limb Because of the 
more marked and sustained vasodepression and the earlier death, it is apparent 
that the trauma was somewhat more severe than m the experiments of 
Swingle, and associates 

The results m Group 2 confirm the observation of Swingle, and coworkers, 
that limb trauma even greater than that required to produce fatal shock in dogs 
anesthetized with ether during the. traumatization does not produce shock or 
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death if the trauma is applied while the animals are under ether and the blood 
pressure has been lowered! to 75 Mm Hg , or less, by spinal anesthesia But 
a different explanation was found for these results 

Table IX 

BLOOD STUDIES ON DOGS SHOWN IN TABLE VUI 

Samples After Trauma 

Control Hrs 


Exp 

No 

Sample 



1 0 

5 0 

22 to 24 





396 

R B C M 

9 30 

8 60 

8 76 

8 44 

7 60 


Hb Gm 

18 5 

17 1 

17 2 

16 9 

15 6 


Her % 

52 S 

50 0 

50 0 

51 0 

46 0 

407 

RBCM 

9 52 

9 90 

10 16 

9 70 

8 94 


Hb Gm 

19 5 

20 3 

20 7 

19 8 

18 3 


Her % 

57 5 

60 5 

61 0 

59 0 

53 0 

410 

RBCM 

7 80 

8 10 

8 44 

8 04 

7 50 


Hb Gm 

15 9 

16 5 

17 3 

16 5 

15 3 


Her % 

47 5 

49 0 

49 5 

49 5 

45 5 

413 

RBCM 

5 56 

5 36 

5 26 

5 40 

4 42 


Hb Gm 

11 4 

11 0 

10 8 

11 1 

9 3 


Her % 

32 0 

31 5 

31 0 

32 0 

26 5 

414 

RBCM 

7 94 

7 30 

7 44 

6 64 

5 70 


Hb Gm 

15 1 

13 9 

14 1 

13 0 

11 7 


Her % 

44 0 

41 0 

41 5 

38 0 

38 0 


Comparison of the weights of the two hindquarters of animals sacrificed 
soon after either the single or the more continuous spinal anesthesia revealed 
that the amount of fluid lost into the tiaumatized limb -was approximately but 
one-half as great as that in Control Group I The loss of that amount of fluid 
(which necropsy showed to be very largely blood) was enough to account for 
the slight to moderate vasodepression present at the time of sacrifice, but it 
was not enough to produce shock The protection against hemorrhage afforded 
by the low blood pressure from blockage of vasomotor and motor nerves is 
sufficient explanation for the failure of development of shock and the survival 
of Series 3 The assumption of important additional protection from the 
blockage of nociceptive stimuli from the regions of trauma is not warranted 

Just how nociceptive stimuli act in creating shock has not been clearly 
set forth by the proponents of the theory From the limb they would pass 
by the sensory pathways to the cerebrum, principally the cortex, and if it is 
presumed that further action is through the sympathetics, efferent impulses 
would then go to the medullary and hypothalamic vasomotor centers and lower 
the blood pressure But if spinal anesthesia blocks a flow of nociceptive stimuli 
from the tiaumatized limb to the brain and thereby prevents a fall m blood 
pressure and shock from occurring, it also simultaneously produces a fall in 
blood pressure by blocking the vasomotor and, very much less importantly, the 
motor fibers of the spinal roots, which would unquestionably tend to offset the 
benefits of the first-mentioned action 

When the blood pressure is low from spinal anesthesia and large arteries 
are opened by the injury to the limb, there may be enough blood loss to 
constitute the predominant cause of shock and death This was the case in 
the three experiments excluded from the three groups Twenty-five blows 
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per ICg of body weight weie deliveied In one the femoral artery was torn 
early m the couise of the tiauma and a laige hematoma collected subcutan- 
eously on the fiont of the thigh Death lesulted m 2 9 hours and the increase 
m limb volume equalled 41 2 per cent of the estimated blood volume In two 
cases the femin was bioken Death occuned in one of these m 39 hours, and 
the increase m limb volume equalled 30 0 pei cent of the estimated blood volume 
The othei one died aftei being letuined to the cage for the night and the 
increase in lunb volume equalled 35 o pei cent of the estimated blood volume 

The results in Gioup 3 fuithei challenge the correctness of the view 
that nociceptive neive stimuli aie an important cause of experimental limb 
tiauma shock With the neives intact m this group, the flow of nociceptive 
stimuli fiom the tiaumatized field should have been at least as great as in 
Group 1, and greatei than in Gioup 2, because of the periods of spinal 
anesthesia And still none of the animals developed marked lowering of 
blood pressure 01 other manifestations of shock The objection might be 
laised that the nenes of the tiaumatized limb in Group 3 would be less 
sensitive to stimuli during and shoitly after the tiauma than those m Group 1 
because of the greater aveiage loweiing of blood pressure and interference 
with nutrition However, as the eaily piessure levels of the traumatized 
limbs of the dogs of these turn gioups wei e compaiable m some cases,, 
and the trauma was gi eater by 25 per cent in 16 of the 18 experiments in 
Gioup 3, this should have compensated for any reduced sensitivity In 
all three senes the general blood piessure one hour aftei tiaumatization w r as 
slightly to model ately reduced except m one experiment In Series 2 the 
reduction w as either maintained 01 slightly augmented 25 to 31 hours 
later, but in Senes 3 there was a tendencj to elevation of piessure m four 
to five hours The changes m piessuie may w r ell have been due to the local 
fluid loss except 111 four of the cases of Senes 1, where it was too small to 
have been the sole factor 

From a suivey of the findings it is appaient that when the limb of an 
animal is traumatized at a time u'hen its blood pressure is greatly lowered, 
there is a definite protection against shock because of local hemorrhage being 
considerably less than is the case w r hen the blood pressure is at a normal level 
The results were about the same whethei the nerve impulses from the limb 
were blocked, as w ; hen spinal anesthesia u T as used, or not blocked, as w'hen 
the arteries weie ligated, so long as the blood pressure in the limb w r as kept 
at comparably low levels 

When these findings are considered along with previous findings that 
direct stimulation of the large nerves of the limb may be kept up for hours 
without causing a significant fall in blood pressure, and that stimulation of 
the carotid sinus and aortic depressor nerves may maintain a low blood pressure 
for as much as several hours without senous impairment of the circulation, 10 
the evidence is strong that afferent nerve impulses from the field of injury 
are not factors of great importance in limb trauma shock of the type 
described here 
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The experiments deserve consideration from the standpoint of a toxic 
factor in traumatic shock If toxins are formed in the traumatized tissues, 
the greater the degree of trauma the greater should be the amounts produced 
If this is true, the animals m Group I, which received an average of 20 blows 
per Kg of body weight, should have shown no more toxic effects than 
did the great majority of those in Groups 2 and 3, which received 25 blows 
per Kg of body weight Since the local loss of fluid was so evidently the 
predominant cause of circulatory embarrassment and death in Group 1, and 
since any circulatory damage that may have occurred in the more severely 
traumatized Groups 2 and 3 was so minimal as not to cause shock or death, 
there is little reason to believe that, if toxins were formed in the damaged 
tissues, they were an important cause of the circulatory difficulties of animals 
in any of the three groups 

EFFECTS OF CORD, NERVE AND DORSAL ROOT SECTIONS 

If, as was reported by Swingle, and coworkers, the complete and perma- 
nent blockage of all impulses from the traumatized regions by preliminary 
section of the nerves of limbs or of the spinal cord at T-13/L-1 does not 
prevent limb trauma shock of the type described, while temporary blockage 
for four hours by local procaine injections and for two hours by tourniquet 
constriction prevents shock, the reason could not possibly be blockage of 
nociceptive stimuli They postulated that the nerve or cord sections had 
permanently removed some nervous factor tending to maintain the resistance 
of the animal to shock In consequence they made studies of a variety of 
partial sections of the spinal cord at T-13/L-1 in an attempt to obtain more 
specific information regarding the site of a factoi, the lack of which appar- 
ently sensitized the traumatized dog to shock 

Section of either the anterior or posterior half of the cord failed to 
prevent the occurrence of shock, but if the ventrolateral areas of the 
anterior half were cut while the ventromesial areas were preserved, the 
animals were protected from shock The ventrolateral areas appeared to be 
the most important areas in the production of shock The ventrolateral 
areas include, among others, the dorsal spinothalamic ascending tracts which 
transmit pain stimuli and are also presumed to transmit nociceptive stimuli 
It was reported that the descending tracts contained m the ventromesial areas 
of the cord are concerned m maintaining the resistance of the animal to shock 
from muscle trauma Destruction of these areas might result in vasodilatation 
of the blood vessels distal to the cut, produced either directly 01 indirectly 
through loss of muscle tone This vasodilatation should increase the fluid 
loss into the limbs during the actual traumatization by an amount sufficient to 
be an important factor m the production of shock 

If impulses passing over the descending tracts m the ventromesial areas 
of the cord protect against shock from limb trauma, and if nociceptive stimuli 
passing over the pam or other afferent fibers of the dorsal spinothalamic 
or other tracts interfere with this protection, as suggested by the authors, 
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then prelimmaiy section of the dorsal spinal roots, thereby interrupting all 
afferent impulses fiom a limb, should protect against shock from tiauma 
applied to that limb 

This piennse was tested expenmentally on four dogs as follows Undei 
intravenous evipal anesthesia a laminectomy fiom T-13 to S-i w^as performed, 
the dura opened and all dot sal roots on the left side below T-12 veie 
sectioned Aseptic technic was used except on one animal which was expen- 
mented on acutely Because of considerable degrees of hemorrhage m expen- 
ments Nos 333, 341 and 345, electiocoloiometric deteimmations were made 

TableX 

SHOCK TROM TRAUMATIZING LIMB AFTER SECTION or ITS DORSAL SPINAL NERVE ROOTS 

Blood Fluid Loss Into 

Elapsed Time Pressure Amount Traumatized Limb 


Exp 

Wst 

Initial 

Pressure 

Between Root 
Section and 

Before 

Trauma 

of 

Trauma 

Survival 

Period 


% of Est 

Blood 

No 

Kg 

mm Hg 

Trauma 

mm Hg 

Blows/Kg 

Hrs 

Gm 

B1 Vol 

Changes 

333 

13 3 

116 

4 hours 

98 

15 0 

1 8 

464 

34 9 


14 1 

7 9 

150 

2 days 

116 

17 1 

1 5 

372 

47 3 

Moderate 

338 

9 4 

140 

3 days 

156 

18 6 

1 9 

446 

47 4 

dilution 

345 

11 3 

164 

6 dava 

130 

11 0 

3 3 

520 

46 0 

Slight 

of the amounts of blood lost on 

the sponges and 

drapes and 

dilution 

equivalent tians- 


fusions weie gnen Left limb tiauma under ethei w f as applied four houis 
and two, three, and six days aftei doi sal root section All animals w^eie in 
relatively good geneial condition at the stait of the trauma The tiauma 
was made somewhat moie seveie by the use of heavier blows than wab 
given in the thiee gioups lepoited above, as it was the intention to pioduce 
rapid cnculatoiy embarrassment and early onset of shock The results aie 
shown in Table X 

The aveiage peiiod oi survival was somew'hat shot ter than in Gioup 1, 
but the average amount of local fluid loss into the limb in terms of pei cent 
of the estimated blood volume was appi oximately the same m both gioups 
except for the acute experiment, No 333, wheie only four hours had elapsed 
between the surgery and ti auma Red blood count, hemoglobin and hematoci it 
determinations revealed very slight to modeiate blood dilution 

Contact with the cord during surgery was avoided as much as possible 
in order to prevent injury and in no case w r as there instrumentation of the 
ventromesial areas Consequently, the descending tracts m the ventromesial 
areas of the cord were left intact while the fibers of the dorsal spinothalamic 
and all other tracts which might transmit pam and presumable nociceptive 
stimuli were destroyed 

There appeared to be no concrete evidence in these experiments that the 
animals were protected against shock by destruction of the pam and othei 
afferent fibers of the cord by doisal root section, even though the descending 
tracts of the ventromesial areas were left intact, since they tolerated ti auma 
and blood and plasma loss into the limb no better than did the normal dogs 
of Group 1 
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SUMMARY 

Expenments were conducted on dogs in an endeavor to determine the 
lelative roles of nerve impulses and local fluid loss in the production of shock 
due to limb tiauma They were undertaken because of work reported by 
Swingle, and associates, which indicated that a flow of nociceptive stimuli 
from the traumatized regions, unless pi evented by spinal anesthesia or a 
local block, is an important contributing factor in the initiation of the shock 
state which follows The spinal anesthetic lowered the blood pressure to 7 5 
Mm Iig , or under, before the tiauma was applied 

The experiments weie divided into three groups, the trauma was limited 
to one limb and the local fluid loss was determined by comparison of the 
weights of the hmdquaiters Tiauma was applied during ether anesthesia 
and consisted of moderate blows from a padded hammer 

In Group 1 it was applied with the nerve pathways intact and the systemic 
blood pressure at normal levels An average of 20 blows per Kg of body 
weight caused rapid and marked swelling with early onset of shock and 
death after an average of 2 8 hours The fluid loss into the limb, consisting 
predominantly of blood averaged 46 7 per cent of the estimated blood volume 
It was obviously the outstanding cause of shock and death 

In Group 2 the trauma was applied after the nerve pathways to the hind 
limbs and lower tiunk were blocked by spinal anesthesia and the blood 
pressure lowered to 75 Mm Iig , or under In the majority of experiments 
25 blows per Kg of body weight were used, but in a few it was limited to 20, 
as in Group 1 The swelling was much less marked than m Group I, and in 
no instance did shock develop In those animals sacrificed shortly after 
periods of either single injection or continuous spinal anesthesia the local 
fluid loss was approximately one-half that found m Group 1, and it was not 
sufficiently large to produce shock The animals which were allowed to 
survive were in good general condition on the following day 

In Group 3 the trauma was applied with the nerve pathways to the 
limb intact and with the blood pressure in the limb lowered to an average 
of 63 Mm Hg by arterial ligations The number of blows, with two excep- 
tions, was 25 per Kg of body weight The amount of swelling was either 
comparable with or less than that found in Group 2, and in those expenments 
in which the ligatures weie removed one hour after trauma, there was little 
additional swelling apparent This was indicative of early arrest of hemor- 
rhage occurring while the limb pressure was low The systemic blood pres- 
sures were in some instances slightly to moderately reduced, but m no case 
did shock develop In those animals sacrificed 1 1 to 3 1 hours after trauma 
the local fluid loss, with a few exceptions, was less than half that of control 
Group 1, and was not enough to produce shock The animals that were 
allowed to survive were in good condition the following day 

In Group I the rapid swelling of the limb and the large amount of local 
fluid loss (which at necropsy was found to be blood m very large measure) are 
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evidence that factoi s other than hemoi 1 hage did not play an important part in 
the production of shock and death 

In Group 2 the animals weie piotected from shock through the action of 
the spinal anesthetic m blocking the vasomotor and (less impoitantly) motor 
nerves, lowenng the blood piessuie and reducing the hemorrhage below a level 
that pioduces shock Theie was no evidence that blockage of nociceptive 
stimuli was an impoitant factor in pi eventing shock 

In Gioup 3 the trauma was gieatei than m Group 1, and as the nerves 
ueie intact, the flow of nociceptive stimuli should, therefore, have been as 
great as or gieatei than in Gioup 1 Still shock did not develop 

Theie is no evidence 111 these expenments of an important action from 
toxins formed in the damaged tissues since, if present, it should have been 
manifest in Groups 2 and 3, wheie the tiauma was gi eater than in Group 1, 
w hile in Gi oup 1 the onset of shock was too rapid to have been caused by it 

Swingle, and cowoikeis, confirmed the work of otheis that section of 
the nerves to the limbs or of the spinal coid at T-13/L-1 does not prevent 
shock from limb tiauma This would preclude the possibility that any pro- 
tection obtained from procaine injections of the nerves or tissues w'as the 
result of blockage of nociceptive stimuli fiom the tiaumatized regions 

The theory that the descending tiacts of the ventromesial areas of the 
coid protect against limb tiauma shock but that afferent nociceptive stimuli 
from the legs, apparently transmitted by the ventrolateral cord regions, elim- 
inate this factor and sensitize to shock, w r as tested experimentally as follows 
The left doisal spinal nerve roots below T-12 were sectioned, which destroyed 
all afferent impulses fiom the left limb When the limb w^as subsequently 
traumatized theie was no sign of protection against shock, as the animals 
tolerated blood loss and tissue damage no better than did the normal dogs 
of Group 1 

CONCLUSIONS 

1 No evidence w'as obtained fiom these limb trauma experiments that 
either a flow' of nociceptive stimuli from the injured field or toxm formation 
is an impoitant contributing factor in the initiation of any cn dilatory impair- 
ment or shock which followed 

2 The animals m which the trauma w^as applied soon after the administra- 
tion of a spinal anesthetic were protected from shock principally by the blockage 
of the vasomotor and (less importantly) motor nerves, which greatly lowered 
the blood pressure and limited the hemorrhage to an amount that was too 
small to produce shock, instead of by the blockage of afferent impulses The 
maintenance of such a low blood pressure by spinal anesthesia foi the preven- 
tion of shock during an operation on man is contraindicated as the amount of 
anesthetic required w r ould be too toxic 

3 In all of the experiments where shock developed the local blood loss 
was large and constituted the outstanding causative factor 

4 There appeal s to be no indication for the renewal of efforts to prevent 
shock by the blockage of afferent nerve impulses through the use of local 
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or spinal anesthesia Indications for the use of local or spinal anesthesia in 
shock are based on other grounds 
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forehead they generally constitute no cosmetic problem At any site, however, 
they may be tender or spontaneously painful, the pulsation frequently is an 
annoyance to the patient and the justified fear of injury to “the soft spot” 
in the head is a constant source of worry 

Bur holes in the frontal region have been filled with bone dust or by 
buttons removed with the trephine, but these bits of bone absorb rapidly 
and so fail in the purpose for which they are used Some, including this 


r 



Fig 2 — Cross section through the repaired defect in the skull The rm.sh was laid on the onto 
surface of the dura and of the skull No evidence of irritation of the meninges or brain could be seen 
The demonstrable proliferation of bone between the two layers of screen is regarded as being peculiar 
to the dog 

writer, have regarded the use of bone fragments and dust as actively con- 
traindicated because of the frequence of associated infection 

Slightly larger defects have excited still less attention In those -which 
follow trauma it has been the custom to replace larger bone chips which, 
because of their size, are more likely to develop an adequate blood supply, 
unite with the skull, and prove satisfactory Other openings of small size 
have seldom seemed to justify the use of vitalhum, tantalum or lucite, which 
have seen such increasing use in the larger and more surgically attractive 
group of deficiencies in the skull Virtually, the small openings have been 
ignored as necessary evils 

Stainless steel wire has long been recognized as an inert substance in 
tissues In the skull it does not show the disadvantages attributed to it when 
it is used for orthopedic purposes in other bones of the body Wire used 
to hold osteoplastic bone flaps in position or m myoplastic craniotomies 
becomes tightly embedded withm the bone as osseous repair takes place It 
seemed reasonable that a mesh of stainless steel wire could become anchored 
m connective tissue and possibly in bone at the edges of a cranial defect 
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Likewise, the piojection of stiands of connective tissue into the meshes of 
the scieen, further strengthening and stabilizing the iepan, seemed probable 
Accordingly, in Maich, 1942, the Pilling Company made up, on lequest, strips 
of stainless steel wire screen with o 0065-mch wire (40 x 40 and 70 x 70 
count) and 00075-mch wne (60 x 60 and 28 x 28 count) 



Tig 3 — Epidural and epicimial lijcrs of screen co\eriiig a bur 
hole in the exposed frontal region 


The mesh was tried hist m laige dogs A midline craniectomy was 
performed, extending from the frontal sinus to a point proximal to the 
occipital protuberance and about 2 5 cm on either side of the midline A 
layer of screen was then placed against the dura, being held m place against 
the bone by the force of intracranial pressure A second layer was placed 
outside of the skull and fastened with sutuies to the adjacent periosteum 
The postoperative course of all dogs was satisfactory After periods of from 
five to eight months the animals were sacnficed The edges of all strips 
were firmly bound to bone by connective tissue Connective tissue had 
not penetrated the meshes of the two high-count screens, however, and these 
did not seem to be so firm as were the 1 epairs utilizing the lower-count screens 
The latter had been freely penetrated by connective tissue (Fig 1) and, 
when tapped with an instrument, sounded almost as firm as if they were 
part of the skull Subsequently, this was proved to be caused m large 
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4 — Single eptduril layer of mesli repairing a posttraumatic defect in a child, age 2 * Tig 5 — Repair by single epidmal mesh of defect resulting from removal 

Clinical demonstration of the defect was not possible one yeai aftci repair of a tumor of the skull 
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part by the spread of bony tissue between the tw j o layers of metal Cross- 
section through brain, meninges, calvarium and screen showed but slight 
duial thickening, no adhesions, no change in the sagittal sinus and no 
evidence of any haimful effect upon the bram (Fig 2) 

Accoidmgly, the use of both the 00065-mch (40 x 40) and 00075-mch 
(28 x 28) screen was begun 111 patients During the past 18 months it has 
been used foi small defects as outlined and has been regarded as satisfactory 
No ill effects lefeiable to it have been seen or reported None of these 
patients has died, or has lequned fuither surgery m the same region, so 
that no human pathologic matenal is available In general, the finer ware 
and mesh have seemed easier to work with, and more promising in result 
than has the coarser type 

The size of the piece is determined by du ect measurement at the operating 
table It is cut from a large ship with heavy cuived surgical scissors kept 
for this purpose The mesh should be held awa} from the field while being 
tailored so that bits of wire wull not fall into the wound to act as a potential 
source of irritation When used to covei frontal bur holes, a layer of screen 
is placed between the dura and skull befoie the bone flap is replaced This 
remains m position without sutures Another piece is added outside the 
skull (Fig 3), as the double mesh seems to give a bettei cosmetic result 

In the repan of the largei openings lesultmg from trauma (Fig 4), 
drainage of an abscess 01 the removal of a tumor of the skull (Fig 5), the 
screen has been slipped through notches m the edge of the bony defect into 
a position between the dura and the skull, or has been placed over the outside 
of the opening where it is anchored by sutuies of cotton, silk or wire to the 
adjoining pericranium Care must be maintained that the edges of the 
mesh outside of the skull do not stick up to irritate the scalp A single 
layer of the wire screen has resulted in a firm, painless support for the scalp, 
which compares favorably with that offered by adjacent bone. When the 
cosmetic result is a factor, however, a layer of mesh inside and outside of 
the skull is more likely to preserve a satisfactory contour. 

Within its limitations, therefoie, this mesh appears to offer a safe, 
adaptable and readily available method of dealing with small cranial defects 
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FRACTURE OF THE ATLAS 

REVIEW AND PRESENTATION OF DATA ON EIGHT CASES 
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Fractures of the atlas- are notable as regards their apparent rarity 
of occurrence and their comparatively favorable prognosis Hatchette 1 
noted 99 cases reported to 1941, and added one of his own Crooks and 
Birkett 2 have since reported four cases Eight cases have been encountered 
at the Mayo Clinic, bringing the total to 112 In 50 of these the lesion has 
been an isolated fracture of the atlas and in 62 it has been complicated by 
other injuries, such as fractures of the vertebrae or the skull It is reasonable 
to suspect that these fractures are more numerous than these figures indicate 
but are overlooked because of the erroneous impression that the outcome of 
the fracture of the atlas is quickly fatal , the mortality rate of 10 7 per cent 
in the cases reviewed to date establishes this entity as dangerous but by no 
means necessarily fatal 

Jefferson 3 noted that these fractures are almost always due to trauma to 
the top of the head when the spinal column is fixed in a neutral position 
If the spinal column is flexed or hyperextended the injury occurs m areas 
of mobility, usually the lower cervical or the thoracolumbar region Causes 
of such injuries have usually been falls or blows on the head 4 , accidents 
in fast-moving vehicles may also produce this picture, as has been pointed 
out by Plaut 5 In a few of the cases summarized by Jefferson 6 the fracture 
was due to direct trauma on the back of the neck The infrequency of this 
mechanism may be explained by the excellent protection given the atlas by 
the overlying skull and mandible, by the protruding spinous process of the 
axis and by the thickness of the soft tissue of the back of the neck In 
one case reported by Crooks and Birkett 2 and in one of 0111 cases, fracture 
was due to sudden twisting of the neck while swimming under water 

A general knowledge of the anatomy of the atlas is essential for an 
understanding of the nature of the fracture and its prognosis The atlas 
is merely a ring of bone, its centrum having migrated to form the odontoid 
process of the axis Its superior and inferior articular facets face obliquely 
so that the lateral masses are wedge-shaped with their bases lateral Thus, 
any compression force on the bone tends to cause it to spread outward, this 
being resisted by the anterior and posterior arches and the transverse liga- 
ment If the force is too great the ring breaks, usually m the posterior arch 
as (1) this is weakened by the grooves for the vertebral arteries, and (2) 
the posterior and lateral facing of the occipital condyles tends to splay the 
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atlas out in those directions (Fig la ) Thus the fiacture produces a widening 
of the aicli lesulting m a decompiession of the spinal coid m this area 
Clinical signs aie scatce m cases of isolated fiactnie of the atlas 
Oidmaiily they consist in pain and stiffness of the neck with tenderness, 
especialh m the suboccipital aiea Motions aie usually limited and slowly 
performed, though theic may be instability causing the patient to hold his 
head with his hands 7 Occasionally the patient may complain of tingling 



lie i — a Anteroposterior \iew showing lateral displacement of both lateral masses of the atlas 
b Lateral uew showing fracture of both the anterior and the posterior arch of the atlas 


and pam m the arms and legs despite absence of neurologic findings Swallow- 
ing may be painful or unpaired because of reti opharyngeal hemorrhage, par- 
ticularly m cases of fractuie of the anteiior aich Involvement of the greater 
occipital nerve may produce neuralgia over its aiea of distnbution Injury 
to a vertebral artery occurs in rare instances 

In approximately 85 per cent of the cases one or both arches are frac- 
tured Plaut 8, 0 has reviewed m detail the roentgenographic studies of these 
fractures The lateral view readily demonstrates fractuies of the posterior 
arch (Figs lb, 2 and 3) and may show a displaced fragment of the anterior 
arch (Fig 4) The anteioposteuor view may show a gap m the anterior 
arch as well as an outward displacement of the lateral masses (Fig ia) 
Fractures of the lateral masses are rare, only eight cases m all having been 
reported Even more rare are fractures of the transverse processes , the only 
reason that these are of clinical interest is that the fiagments may injure a 
vertebral artery There are other roentgenologic signs of significance 
Swelling of soft tissue m the prevertebral space may mean fracture of the 
anterior arch 10 , an increase of the distance between the anterior arch and 
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the odontoid process may indicate rupture of the transverse ligament or 
dislocation 

It may occasionally be difficult to rule out a congenital anomaly of the 
atlas Brown 11 reported a case of complete absence of the posterior arch 
Lawrence and Anderson 12 and Plaut 13 reported a case of an anomaly of 
the postenor aich simulating a fiacture and discussed differential diagnosis 
They noted a defect of one-half inch ( I 3 cm ) on each side between the pos- 



Fig 2 — Lateral view showing fracture and separation of the 
posterior arch of the atlas 


terioi ai ch and lateral masses , the posterior arch was m its normal position, the 
margins of the defect were smooth and there were neither small fragments 
of bone nor callus formation in the gap The infrequency of such anomalies 
permits them to be only rarely a source of confusion 

Associated injuiies fiequently, in themselves, produce such overshadowing 
symptoms and signs that a fiacture of the atlas may be overlooked and often 
they require immediate attention because of their own serious import In 
cases of such injuries the possibility of a fracture of the atlas should be kept 
in mind They most commonly include fractures of the odontoid process, 
of other ceivical vertebrae and of the skull Complications most often 
encountered with fracture of the atlas are rotary subluxation, neuralgia of 
the greater occipital nerve and rupture of a vertebral artery — the vertebral 
groove having already been mentioned as a frequent site of fracture Tran- 
sient pam and tingling m the arms and legs may be due to jamming of the 
medulla or cord , actual traumatic myelitis is rare 

The diffeiential diagnosis is not usually difficult Congenital anomalies 
have already been discussed Infections of the atlas are rare and are usually 
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of syphilitic or tuberculous type ; they can be differentiated by history, general 
examination and laboiatory and loentgenogiaphic findings This is true 
also of metastatic caicmoma Aithutis of the uppei ceivical veitebiae may 
at times be indistinguishable fiom an old fractuie, paiticulaily if a histoiy 
of mjuiy is elicited Roentgenogi aphic studies of the atlas should be made 
m cases of occipital neuialgia, particulaily those in which theie is any history 
of trauma 14 



Fig 3 — a Lateral view show mg fracture of the posterior arch of the atlas and of the 
laminae of the second cervical vertebra and dislocation of the bodies of the second and third 
cervical vertebrae b Three months later, showing some callus formation of the posterior arch of 
the atlas and partial reduction of the second cervical vertebra 

Treatment of fractures of the atlas has become fan ly well standardized, 
good results have been obtained with most means used. Four to six pounds 
(i 8 to 27 Kg) of head traction in bed, m straight extension, is usually 
sufficient for immediate relief of symptoms, though occasionally more is 
needed A Sayre slmg will suffice for this Relaxation of neck muscles is 
quickly obtained and in a few days a plaster encasement or a leather collar 
may be applied to immobilize the neck Should the fracture be complicated 
by a tendency to subluxate, the traction may have to be continued for three 
to four weeks before use of a collar. Six to eight weeks after uncomplicated 
injury the patient is reexamined and new roentgenograms are taken The 
collar is discarded at any time from eight weeks to four months, depending 
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on the progress of the patient and the roentgenographic findings After 
removal of the collar, return of function is materially aided by physical 
therapy Stiffness and limited motion of the neck are stubborn residua of 
such injuries Though it may require some months, ultimate return of func- 
tion is almost always complete When complicated by greater occipital 
neuralgia, however, persistent pam may require surgical intervention Lack 



Fig 4 — a Lateral view showing comminuted fractures v. ith displacement of the anterior and 
posterior arches of the atlas 6 Two and one half months later Position slightly improved and 
some callus formation 


of callus formation is characteristic (Figs 3& and 4 b), delayed or incomplete 
union occurring regularly and nonunion frequently 

Data on the eight cases encountered at the Mayo Clinic are summarized 
in Table I The patients were evenly divided as to sex, ages ranged from 
16 to 63 years Tiauma consisted of falls on head, blows on head, collisions 
and twisting of the neck under water as previously mentioned There were 
six isolated fractures of the atlas , in one case a fracture of the second right 
rib was associated, and m the other a fracture of the laminae of the axis 
with a dislocation of the axis forward on the third cervical vertebra The 
posterior arch alone was fractured in five cases, the posterior and anterior 
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arches weie fiactured in two and the aiticulai facet was fiactuied in the re- 
maining case Treatment included vanous combinations of ti action, rest m 
bed, encasement and collais aie shown in Table I 

Results were classed as excellent if theie w j as no limitation of tnotion 
of the neck, giatmg, pain 01 othei disability and m thiee cases the results aie 
so reported Good icsults include one patient who noted slight limitation of 
rotation to the right and one patient who noted some limitation m lotation 
to both light and left In two cases the icsults aie classed as fair In both 
of these theie weie slight tenderness to piessuic ovci the back of the neck 
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Case 

Years 

Sex 

Trauma 

Fracture Sttc 

Complications 

Therapy 

Time 

1 

48 

F 

Turned head while 
under water 

Articular 

facet 

None 

Collar 

excellent 

1 2 } ears 

2 

16 

F 

Dived into shallow 
water hit top of head 

Anterior and 
posterior arches 

None 

Traction and 
encasement 

Excellent 

14 years 

3 

35 

M 

Tram collision 

Posterior 

arch 

Xonc 

In bed 
encasement 

Good 

22 years 

4 

58 

r 

Car collision 

Posterior 

irch 

None 

Kept in bed 

Good 

23 years 

5 

28 

M 

Fell 55 feet 
(17 meters) 

Posterior 

arch 

Xone 

In bed, 
encasement 

Fair 

16 months 

6 

63 

M 

Fell off load of hay 
on head 

Posterior 

arch 

Xonc 

Traction 

encasement 

Poor 

16 months 

7 

21 

F 

Car collision 

Posterior 

arch 

Fractured laminae 
of avis, dislocated 
avis anteriorly on 
third cervical 
vertebra 

Traction, 

collar 

Excellent 

7 years 

8 

58 

M 

Fell 20 feet 
(6 meters) 

Anterior and 

posterior 

arches 

T racturcd second 
right rib 

Traction, 

encasement, 

collar 

Tair 

16 months 


and limited rotation 1 6 months aftei mjuiy, no further follow-up could 
be obtained One patient complained of pain, grating and 50 per cent 
limitation of motion 16 months aftei mjuiy and the result is classified as 
poor It should be pointed out that the fail and poor results are m cases 
in which the follow-up is 16 months With continued use, physical therapy 
and time, these patients may be expected to unpiove There were no deaths 
m this group. 


SUMMARY 

Fractures of the atlas have been discussed and data on eight additional 
cases presented This type of fractuie is dangerous but not necessarily 
fatal It probably occurs moie frequently than has been reported but is 
overlooked The usual treatment consists of traction followed by application 
of a plaster encasement or a leather collar In three cases the results were 
classed as excellent, m two, as good, m two, as fair and m one case as 
poor These fractures rarely unite but there is rarely any ultimate disability, 
although stiffness and limited motion of the neck may persist for several 
months 
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CIIEST WOUNDS IN BATTLE CASUALTIES 
Major John P West, M.C 

Ni a\ York, N Y 

In a 1’lriol) of appioxmiately nine weeks cluung the campaign m France 
and Belgium, an Eiacuation Hospital gave suigical lieatment to 5,124 patients, 
neaih all of whom weie battle casualties One bundled and fifty-seven, 01 
3 per cent, of these patients had wounds of the chest cavity Theie w^ere 25 
deaths, a mortality of 15 9 pci cent Six casualties, w r ho died befoie 1 caching 
the opeiating 100m. aie not included in this lepoit 

In the 1914-191S wai, theie were 4.595 cases of thoiacic mjunes among 
the American casualties, with a moitalitx of 2405 per cent. 1 Gordon- 
Watson 2 states that the total moitaliL foi chest wounds in the Bntish 
Army 111 Fiance, dining the same wai, was 275 pei cent, and Biunner* 
states that 2 6 pei cent of all Gciman casualties who leached casualty dealing 
stations had chest wounds Holman* estimates the moitahty of chest cavity 
wounds, 111 the Pacific combat aica, dining this wai, to be approximately 
40 per cent 

Simple Hemothoiax — Foit)-five casualties had 1 datively minoi pene- 
trating wounds which caused simple hemothoiax and lequired no treatment 
other than aspuation '• 0 In 12 of the 45 cases, the hemothoiax was small 
and caused no lespnaton distiess, these casualties weie evacuated without 
aspuation 

One patient, a pusonei of wai, with a simple hemothoiax died following a 
debridement of minor chest wall and aim wounds under sodium pentothal 
anesthesia This patient had 800 cc of blood lemoved fiom the pleuial 
cavity on admission, and a ioentgenogiam of the chest ten houis later 
revealed only a small amount of fluid Immediately aftei opeiation, the 
patient developed acute respnatoiy distiess and died wothin an horn Autopsy 
showed the left chest to be filled wuth blood It was not detei mined whether 
the bleeding had come fiom the lung 01 fiom an mtei costal vessel What- 
ever the source, it was presumed that the bleeding which had tempoiarily 
stopped w'as reactnated by the opeiative piocedure 

PeneUatmg IVounds — Not Sacking — Foity casualties had penetiatmg 
wounds, not of the sucking type, wuth damage to the chest wall of such 
extent that senous injury to the lung w r as suspected Limited thoracotomy 
was done m these cases, the chest being opened thiough the wound of entiance 
In 23, a laceiation of the undeilymg lung was found and sutured The one 
death m this gioup occuned during the opeiation, when the lung was 
temporarily allowed to collapse to facilitate exploration of the chest cavity 
Hie heart stopped suddenly and without warning, and all efforts to restore 
action were without avail 

Sucking Wounds — Thirty casualties leached the operating room with 
sucking wounds, but m every case the sucking had been temporarily controlled, 
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though not always completely, by dressings A lacerated lung was found in 
14 of these cases The wounds of the chest w^all w^ere treated by a debndement, 
which included lesection of all fractured rib ends The opening in the chest 
cavity was then made laige enough to allow satisfactoiy inspection of the lung 
and pleuial cavity 7 Any lacerations found were sutured No difficulty was 
encountered in closing the defect in the chest wall In this gioup of 30 cases 
there were ten deaths, a mortality of 33 3 pel cent Gordon- Watson 2 m a 
leview of 3,521 penetrating w'ounds of the chest, gives the mortality of 
sucking wounds as 44 6 per cent 

Deaths — 1 The first death occurred m a soldier who had lost a large 
amount of blood and, at operation, w ? as found to be bleeding fiom an inter- 
costal vessel and a laceiated lung The bleeding was controlled without 
difficulty, but only two pilots of blood were available at the time to replace 
the massive blood loss This amount was inadequate and, although he leceived 
continuous plasma and saline infusions, the patient died one hour aftei 
completion of the opeiation 

2 The second death occurred 111 a casualty who had a sucking wound 
and extensive damage to the low'ei lobe of the left lung The lung was 
sutuied and the chest wall closed This patient died on the thud post- 
operative day Autopsy revealed a large amount of intei stitial hemorihage 
in the left lung but otherwise no satisfactory explanation as to the cause 
of death 

3 The third death occuired in a soldiei with a sucking wound of the left 
chest and a laceration of the lung He did not fully react following the 
operation, and died about eight houis after leaving the opeiating room He 
had marked respiratory distress for which no adequate explanation w r as found 
at autopsy There was a large congenital hernia of the left diaphragm which 
contained a part of the stomach, and this may very well have been a factor 
m the production of respnatory embarrassment 

4 The fourth death occurred in a soldiei with two small sucking wounds 
of the left chest which were closed under local anesthesia In this case, theie 
was no laceiation of the lung This patient’s major wound was a fractured 
jaw which bled freely and blood had been aspuated into the lungs The 
patient developed a pneumonia which proved fatal on the first postoperative 
day 

5 The fifth death occuired in a soldier with a sucking wound of the right 
chest and a transection of the spinal cord at the level of the nth thoracic 
veitebra caused by the same bullet The patient died fiom pneumonia on 
the first postoperative day 

6 The sixth death occurred in a soldier with a sucking chest wound 
and a partial transection of the spinal cord at the level of the 4th thoracic 
vertebra The sucking wound was closed and a laminectomy w'as done 
to explore the spinal cord Death was caused by pneumonia 

7 The seventh death occuired in a prisoner of w'ar with a sucking 
wound of the chest and a large laceration of the lung The patient 
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died on the first postoperative clay Autopsy levealed an extensive 
bronchopneumonia thioughout both lungs 

S The eighth death occtmed in a soldiei with a deep and inegular 
laceration of the light lung This patient developed pulmonary edema 
and died on the fiist postopei ative day At autopsy, the damaged lung 
was found to be consolidated with blood which filled the bionchioles, 
aheoli, and intei stitial spaces 

9 The ninth death occtmed in an officei with an extensive wound 
of the chest wall and multiple deep laceiations of the lung, which w j ere 
sutured with some difficult} The patient died on the thud postoperative 
day and, as m the ptecechng case, the pnncipal finding at autopsy w r as a 
heav) consolidated lung filled with blood 

10 The tenth death occuned in a soldiei with a laige sucking wound 
of tlie right antenoi chest and a complete fiactuie thiough the lowei third 
of the sternum Theie was little nnpioxement in the patient’s respnatory 
distress follow mg closui e of the w ound The mechanical difficulty of adequate 
respiration with a mobile lowei sternum appealed to be the cause of death 

Tension Pnemnothoi a\ — Tlnee patients weie opeiated upon because 
of persistent tension pneumothoi ax One had had his initial treatment at 
a Field Hospital, wheie a sucking wound had been closed He was m acute 
respiratory distress on admission to the E\ acuation Hospital tw o days latei , 
and the right chest cauty was filled with an undei piessuie At opeiation, 
a laceration of the light lowei lobe was found fiom which an escaped with 
each respiration The lung was sutuied and the patient xecoveied 

The second tension pneumothoi ax occuued m a patient to wdiora w'e 
had given the primaiy tieatment Theie was an umecogmzed depiession 
of a fractured lib which caused a laceiation of the lung, with resulting 
tension pneumothorax. The patient was leturned to the opeiating room and 
die fractured rib ends were lesected and the laceiation of the lung sutured, 
following w'hich the patient made an uneventful lecovery 

The third tension pneumothorax occuued m a soldier who had had a 
sucking wound of the left chest closed at a Field Hospital three days before, 
and was in acute respiratory distress upon admission to oui hospital A 
thoracotomy was done, and the left lung was found collapsed A laceration 
was sutured and the lung expanded, but the patient died at the end of the 
operation Autopsy revealed consideiable pneumonia in the lung of the 
opposite side 

Secondary Hemoii hage — One casualty developed a secondaiy hemorrhage 
ten days after being wounded In this soldier, a bullet had entered the left 
shoulder, traversed the lung, and lodged m the ioth thoracic vertebra, 
causing a paraplegia Although a fairly large hemothorax was piesent, it 
caused few symptoms, and was easily controlled by aspiration Because of 
an farming hemorrhage which occurred on the tenth hospital day, a 
] oracotomy was done To control the bleeding, it was necessary to place 
a * 0urni quet around the hilus of the lung The patient’s condition was poor, 
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but there appeared to be no way to control the hemorrhage except by pneumon- 
ectomy This was clone, and he made a satisfactory recovery Two weeks 
after operation he was transfeired to a General Hospital, and a report ten 
clays later stated that his condition was good There was, however, no 
improvement in the paraplegia 

Thoraco-abdommal Wounds — There were 36 patients in this group One 
patient died during the induction of anesthesia, and only 35 were actually 
operated upon 

Nineteen of the thoraco-abdommal wounds were on the right side and 
17 on the left In 11 cases it was possible to do an adequate, but not complete, 
abdominal exploiation by enlarging the thoracotomy incision When a 
complete abdominal exploration was needed, a celiotomy incision was neces- 
sary The patients who had the chest pathology corrected prior to celiotomy 
did much better than those who had a celiotomy first There were 1 1 deaths 
in this group, one pieopeiative and ten postoperative In eight of these, 
death appeared to be due primarily to the abdominal mjuiies One patient 
in the group died of an associated head injury 

Deaths — 1 The first death occuired in a soldier with a penetrating wound 
over the liver and a small wound of the right chest caused by separate shell 
fragments The operation was undertaken because of the injury to the liver 
and no operation on the chest was contemplated This patient died during 
the induction of anesthesia and m addition to the laceration of the liver 
Autopsy revealed a small hemothorax There was no injury to the diaphragm 
and it is questionable whether this case should be included with the thoraco- 
abdommal wounds 

2 The second death occurred m an officer with a sucking wound of the 
left chest and an extensive laceiation of the left kidney The chest wound was 
closed and the kidney removed through an abdominal incision This patient 
died on the seventh postoperative day of renal failure, with uremia Autopsy 
revealed an atrophic, nonfunctioning right kidney 

3 The third death occurred in an officer who had severe wounds of the 
chest and abdomen Through an abdominal incision, a laceration of the liver 
was sutured, and perforations of the stomach and colon closed The chest 
wound, which was not the sucking type, was debrided and closed This 
officer died on the fifth postoperative day Autopsy revealed a large amount 
of blood in the pericardium although no penetrating wound of the pericardium 
or heart could be demonstrated Some degree of tamponade had undoubtedly 
occurred, and it was felt that this was the pi imary cause of death 

4 The fourth death occurred in a soldier with a sucking chest wound 
and severe lacerations of the kidney and spleen The patient was almost ex- 
sanguinated on admission to the shock w'ard Operation w'as undertaken to 
control the bleeding but the shock was irreversible, and the patient died 12 
hours after removal of the spleen and kidney 

5 The fifth death occurred in a soldier with a minor chest wound but 
with multiple perforations of the stomach, colon, and small bowel At opera- 
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tion, the peritoneal cavity was found to be filled with blood and intestinal 
contents Death occurred on the day of opeiation due to shock and peritoneal 
infection 

6 The sixth death occuned in an officer with a large sucking wound of 
the chest, a peifoiation of the stomach, and a compound fracture of the 
humerus The chest wound was closed and the fractuied arm immobilized, 
but the patient continued in such pooi condition that a celiotomy could not 
be undertaken He died of shock and peritonitis 

7 The se\ enth death occuired in a soldier with a sucking chest wound 
and a se\ereh lacerated livci The chest wound was closed, and the liver 
packed through an abdominal incision This controlled the bleeding but 
the patient died fiom shock on the first postopeiative day 

8 The eighth death occuri ed m a soldiei with a severe penetrating w r ound 
of the skull, a peifoiation of the colon, and a small sucking chest w r ound 
All these wounds were gnen sutgical treatment and the patient sent to the 
ward m fair condition He died one week latei from the mti acranial injury 

9 The ninth death occuued m a soldier with a small chest w'ound, a lacer- 
ation of the stomach and multiple peiforations of the small bow r el Death 
was due to peritonitis 

10 The tenth death occurred in a pusoner of wai, wuth a small sucking 
wound of the chest lacerations of the spleen and kidney, a transection of 
the colon and multiple perfoiations of the small bournl This patient died 
on the second postoperative day of shock 

11 The eleventh death occurred m a soldiei wnth a large sucking wound 
of the chest and perfoiations of the small bowel Closuie of the sucking 
wound did not impiove the patient’s condition enough to permit celiotomy 
and he died of shock and pei itonitis the day after admission 

Wounds of the Hcmt and Pencaidiwn — Four patients were found to 
have wounds of the heart or pericaidium Turn of the patients had lacera- 
tions of the pericaidium without any damage to the heait These lacera- 
tions w'ere partially sutured and left so that the pericaidial and pleural spaces 
were continuous Both patients made uncomplicated recoveries A third 
patient w r as found to have an hemopericardium of about 200 cc m addition 
to a sucking chest wound The hemopericardium was suspected prior to 
operation as a splash could be heard with each heart beat A small incision 
W'as made m the pericardium and the blood evacuated The bleeding 
apparently had stopped, and its source w'as not obvious The patient made 
a good recovery A fourth patient with a sucking chest wound was found 
to have a laceration of the left ventricle This patient died of hemorrhage as 
an attempt was being made to suture the laceration 

Cnish Injuiy of the Chest — There was one crush injury m the series 
This was caused by the wheel of a 2 5-ton truck passing over a soldier’s chest, 
fracturing five ribs along the right anterior axillary line The pam was so 
severe that breathing was entirely diaphragmatic, and a moderate degree of 
cyanosis was present Under local anesthesia, the ends of the fractured ribs 
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were resected, and under one of the fractures a small tear in the pleura was 
found Following operation, there was definite improvement m the respira- 
tion, and the soldier made an uneventful recover}. 

Infection — All penetrating wounds of the chest wall, with a single 
exception were debrided, treated with penicillin and sulfanilamide, and com- 
pletely sutured In addition to local sulfanilamide and penicillin powder, 
all chest casualties received one gram of sulfadiazine eveiy four hours by 
mouth, usually for a period of about seven days, and 20,000 units of penicillin 
intramuscularly eveiy four hours for 48 hours There were no wound infections 
and no infection of the pleural cavity during the period of observation, which 
was ten days to two weeks 

The one wound not completely sutured was 111 a prisoner of wai whose 
wounds were two days old on admission, and badly infected There were 
multiple wounds of the chest wall, two had penetrated the chest cavity, and 
one shell fragment had perforated the diaphragm In this case, the wounds 
of the chest wall weie debrided and the muscular layer closed, but the skin 
was left open The pleural and peritoneal cavities were' grossly contaminated 
but they did not at any time present evidence of an active infection The 
patient was evacuated on his tenth postoperative day m excellent condition 

Foieign Bodies — No patients were subjected to operation solely because 
of the presence of a foreign body in the chest cavity 7> 9 In eight cases, 
however, foreign bodies were removed, six were in the periphery of the 
lung and two were free m the pleuial cavity 

Diainage of Chest Wounds — The pleural cavity was not drained following 
any of the in opeiative procedures One or moie aspirations were usually 
needed befoie the patient was evacuated One patient, with a thoraco- 
abdominal wound of the right side, collected a large amount of bile in the 
right chest This was controlled by daily aspiration, and the drainage had 
almost stopped when the patient was evacuated on his twelfth postopei- 
ative day 


CONCLUSIONS 

Experience based upon the relatively small number of cases m each group 
does not justify fixed conclusions as to treatment but does offer suggestions 

1 Small penetrating wounds of the chest cavity causing simple hemo- 
thoiax are best treated by aspiration alone 

2 Penetrating wounds of the chest cavity, with fiactured ribs or 
suspected injury to the lung, should have a limited thoracotomy through 
the wound of entrance or exit The fractured rib ends should be resected, 
the blood evacuated, and the lacerations of the lung sutured 

3 In treating sucking wounds of the chest, an incision large enough to 
allow inspection of the lung is usually indicated because of the probability 
of lung injury A laceration which leaks air or bleeds is often found and 
should be sutured 

4 Thoraco-abdominal wounds are usually best handled by two incisions 
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Ta»i 1 I 


Dentils 

Mortality 

WVmnds of chest ca\ it> 


157 

25 

15 9% 

Operative procedures 


111 

24 

21 7% 

simple hemothorax 


45 

1 

2 2% 

Penetrating wounds 


40 

1 

2 5% 

Tucking wound" 


30 

10 

33 3% 

Thoraco-abdoininal wounds 


36 

11 

30 5% 

Wounds of heart and pericardium 


4 

1 

25 0% 

Crush injun 


1 

0 

0 

Sension pneumothorax 


3 

1 

33 3% 

Sxxmdap. hcmotrliage 

• 

1 

0 

0 


In 23, or 575 per cent, of the penetrating wounds, and m 14, or 466 per cent, of the 
sucking wounds, lacerations of the lung were found and sutured 

Three patients with wounds of the heart and pericardium are also classified with the 
sucking wounds 

Two patients dc\ eloped tension pneumothorax after closure of sucking w'ounds, and 
in the third, tension pneumothorax dc\ eloped m a patient with a penetrating injury which 
had fractured and depressed a rib Classified separately for emphasis 

In most cases the thoracotoim should be done first and then the celiotomy 
5 The ends of fi act uied nbs, pai ticulai ly when it is suspected that a 
piece of rib may penetiate the pleuia, should be resected ’Local anesthesia is 
the anesthesia of choice foi this pioceduie 
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THE PROBLEM OF MASSIVE HEMORRHAGE FROM DUODENAL 
ULCERS OF PATIENTS BEYOND MIDDLE LIFE 

WITH PARTICULAR REFERENCE TO THE VALUE OF THE DEVINE EXCLUSION 
OPERATION IN T SELECTED CASES OF THIS NATURF 
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Considering both the acute massive and the chronic types of hemorrhage, 
most authors are agreed that about 25 pel cent of patients suffering from 
duodenal ulcer are subject to this complication In cases m which the patients 
are less than 45 years of age, it is a senous but usually not fatal complication, 
for conservative measuies usually suffice to conti ol the bleeding However, 
if the patient is 45 yeais of age, or more this bleeding becomes much more 
ominous Allen and Benedict 2 Bohier, 3 Westermann, 9 and many others, 
have emphasized that half of these older patients beyond age 50, who have 
bled have had the massive type of hemorihage and that about a third of these 
patients will die of hemorrhage if treated consei vatively and supportively 
Whether or not surgical treatment is logical for this 33 per cent of patients 
more than fifty years of age who may die otherwise is still hotly contested 
and a tremendous liteiature has grown up about the subject As greater 
numbers of these patients are operated upon, and as surgical technic and post- 
operative care are perfected, those opeiations giving poor results should be 
eliminated Fuithermoie, the immediate mortality rate should decrease 
Walters and Cleveland 8 have compared the risk of paitial gastrectomy for 
bleeding peptic ulcer in 13s cases in the five-year period ending with 1936, 
with that of 1 19 cases in which operation was performed in 1940 In the 
earlier group the moitahty rate was 10 per cent, m the latter group, 4 per cent 
The time of operation and the type of procedure were found to be important, 
considering the age and condition of the patient 

Fmsterer 0 has urged immediate operation during the acute phase of the 
bleeding He reported data on a series of 78 cases m which operation was 
pei formed within 48 hours of the massive hemorrhage Four patients died 
(5 per cent) Gastric resection was performed m 71 cases and gastro- 
enterostomy in seven In a series of 74 cases m which operation was not 
immediate, 22 patients died (30 per cent) Large enough series of such 
cases still have not been reported to enable one to draw final conclusions 
A decision as to the t)pe of proceduie to be pei formed is difficult to reach 
Gastnc lesection with lemoval of the hemorrhagic lesion should be the opera- 

* Since this paper was written the authors have entei ed the armed services Doctor 
Gray is now Captain, M C , U S N R , and Doctor Sharpe is now Captain, M C , A U S 
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tion of choice In any event, all the mucous membiane of the pylonc antrum 
should be lemoved whenever at all possible In a lecent study by us, recui- 
tence of gastioicjunal ulcciation 01 bleeding occuned m fiom io to 16 per 
cent of cases aftci the Fmslciei type of lesection, in about 40 per cent of 
cases aftci the De\ine exclusion opeiation and 111 moie than 60 per cent of 
cases aftei the Eisclsbeig opeiation, in all of which vaiying amounts of 
piloric anti um aie left Walteis and Cleveland lepoited 92 pei cent satis- 
factoiv lesults following paitial gastiectomy foi bleeding peptic ulcer if 
the pi lone anti uni was lcmoicd and if cntei o-anastomosis was not peifoimed 
In the 112 cases followed bj these authois tlicie w f eie 15 unsatisfactory results 
I11 foui of these 15 (27 pci cent), the pylonc sphincter and antium were 
not 1 emoted In one of these four cases death occui red fiom massive 
hemorihage foui yea is latei For bleeding duodenal ulcei alone, they reported 
94 per cent satiMacton lesults following paitial gastiectomy Only two of 
these patients failed to obtain lehef fiom pmnaiy gastnc lesection and m 
both cases the antium was not removed 

The importance of lemoving the pylonc antium and pyloric sphincter 
cannot be o\ eremphasized, but it was not until recently that this fact has been 
appi eciatcd thoi oughly The 1 eccnt study by us of all t> pes of exclusion opera- 
tions, whether 01 not lesection was peifoimed, demonstrated this point clearly 
The ptloiic antium should be remoicd to give the patient the best chance 
of permanent cine The study, likewise, emphasized, houevei, that in many 
cases the condition of the patient is too poor to justify extensive gastnc 
resection and that 111 many cases the duodenal lesion is the site of too active 
inflammation hemorihage and edema to wan ant the extensive dissection 
necessan to include the antium Whcthei or not the antium is to be included 
in the lesection in such cases must be decided b) the suigeon Raiely it may 
happen that not onh is the possibility of lesecting the antium 1 emote but 
the patient i<? m such pool condition that resection of any kind is foolhardy 
This is particulaih tine of bleeding lesions of eldeily patients Since Fm- 
sterer, 0 - 7 Allen. 1 and otheis haie emphasized the necessity of lemoving at 
least two-thuds of the stomach if resection is undertaken, removal of lessei 
amounts of the stomach to deciease the usk 111 cases m which the patients 
are very ill gains little Yet the patients must be piotected as w'ell as 
possible against fmthei hemonhage. It was this paiticulai pioblem that 
led to a fuithei study of the vanous exclusion operations 

The ideal opeiation foi these eldeily patients who have experienced 
massive hemorihage should be pei formed quickly and easily, with as little 
trauma as possible because of then hemonhagic tendency It should allow 
complete isolation, the exclusion of the ulcei from the gasti o-mtestmal con- 
tinuity, since these people, as a rule, aie too ill to allow dnect attack upon the 
point of bleeding by the radical expedient of gastnc resection The Devine 
exclusion opeiation meets these lquirements, but recurrence of trouble was 
noted m about 40 per cent of the 62 cases studied by us It will be noted, 
however, that only a lelatively small percentage of these patients were more 
than 50 years of age at the time the exclusion operation was done 
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Devine 4 - 5 first employed his exclusion operation m 1916, and recom- 
mended it for use if the patient was a woman, in cases of cicatricial, stenosmg 
ulcer, and m cases m which the lesion was deep on the posterior duodenal 
wall He expressed the belief that the numbei of good results compared 
favorably with the results of gastric resection, without the risk of the latter 
He simply transected the stomach at the angle, though he believed that the 
closer to the cardia the division was made, the greater the resulting achlor- 
hydria The pyloric segment was closed and retrocolic, complete, termmo- 
lateral gastrojejunostomy -was performed The operation obviously is much 
quicker and simpler than any resection The storm of controversy aroused 
concerning this operation is reflected in the voluminous literature that has 
accumulated The consensus of surgeons seems to be that in most cases 
of duodenal ulcer there is no place foi tieatment by a Devine exclusion 
operation 

ANALYSIS OF DATA FROM THE MAIO CLINIC 
Data on 62 patients upon whom the Devine exclusion operation was per- 
formed at the Mayo Clinic in the 15-year period ending January 1, 1941, 
form the basis of this particular study This is the same group of patients 
follou-ed by us in oui study Of all exclusion operations performed at the 
clinic in that period It may be that the Devine exclusion operation will 
find its only use in carefully selected cases in which the patients are 50 
years of age, or more, have severely bleeding duodenal lesions and are m 
poor condition for any surgical procedure 

Of these 62 patients, three died in the hospital, a mortality rate of 5 pei 
cent Only one of the three was more than 50 years of age He was a 
52-year-old man, for whom gastro-entei ostomy had been performed years 
before, because of a severely bleeding duodenal ulcer He had had at least 
three episodes of bleeding between the two operations He v-as severely 
anemic and in poor condition at the time of operation A subacutely inflamed 
duodenal lesion w-as found The patient died seven days after operation as 
the result of intestinal obstruction Thirty-six of the entire group (58 
per cent) were found at operation to have either a subacute or an hemorrhagic 
lesion Seventeen of the group w-ere 50 years of age, or more, and only 
one (6 per cent) of these died after operation, m spite of the fact that all 
but two were m poor condition for any operation 

Of the 59 patients who survived operation, 52 were traced carefully 
Follow-up studies of patients v-ho have had operations upon the stomach 
are eminently unsatisfactory There is no period of years which can be 
set arbitrarily, beyond which, if the patient has remained well during that 
period, he may be assured of a permanently good result As of November 1, 
*941, 21 patients (40 per cent) w-ere known to have had further trouble, 
manifested by hemorrhage, necessitating further operation, or had been 
pro\ ed by roentgenologic examination to have had stomal ulceration A 
study of these 21 poor results is interesting 

Figuteen of the 21 patients who had recurrence of trouble were less than 
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50 jears of age Thiee onl) (14 pei cent) of this unfoitunate group were 
50 years of age 01 more All tluee had had acute bleeding, and all 
had had previous operations foi the ulcer A man, age 59, had had episodes 
of severe bleeding fiom a pioved duodenal ulcer At the age of 54 he 
had had a peif oration of a “peptic” ulcei, which was closed simply His 
condition was unfaxoiable foi suigical tieatment, and at opeiation it was 
impossible to peifoim ictiocohc anastomosis of any kind A Devme exclusion 
operation and antecohc, complete (Polya), tei mmolateral gastiojejunostomy 
were done \n cnteio-anastomosis was made This case has been quoted 
by Walteis and Cle\ eland also The patient had a severe hemorrhage within 
two months anothei 111 eight months, and he died of hemoirhage 15 months 
after the opeiation Waltei s and Cleveland as a result of study of such cases, 
ha\c mentioned the madusabihty of peifoinung entero-anastomosis when 
dealing with a bleeding duodenal lesion 

In the second of these tluee cases the patient w>as a w'oman age 58 She 
had a history of bleeding duodenal ulcer of many yeais’ duration Twenty 
\ears pieuoush a peif oration of the ulcer had been closed Seven years 
preuoush gastio-entciostoim foi bleeding duodenal ulcei had been done 
\t operation, she was obsened to ha\e a subacutely inflamed duodenal ulcei 
with much brawny edema Het immediate course w r as good but further 
trouble dc\ eloped 111 six months, and leopeiation w r as pei formed several 
tunes for gastiojejunal ulceiation The patient finally died after one of 
these operations 

In the third case the icsult must be listed as pooi, although the patient 
is hung and well fne \cars aftei the Devine exclusion operation He w r as 
a man age 56 and also had a lusloty of acute hemorrhage from a duodenal 
ulcer Posterioi gastio-enterostomy had been done five years pieviously but 
the stoma had been disconnected because of a large gastiojejunal ulcer one 
year previous to the Deune exclusion Soon after noirnal gastro-mtestmal 
contmuiti had been reestablished, the ulcei became reactivated and bled on 
at least one occasion The patient was 111 pool condition, being anemic and 
dehydrated At operation, it was not thought that he could withstand 
an extensive procedure and the Devine exclusion operation w r as perfoimed 
He did ver} well foi neaily two years but then letuined to the clinic with 
" typical s)inptoms of a gastrojejunal ulcei, without bleeding This was 
proved b} roentgenologic examination, and he w r as sent home on medical 
management .Three >ears latei, 01 five yeais aftei the exclusion opeiation, 
he was much better, did not have any bleeding, and was quite active 

The remaining 31 patients of the 52 tiaced w r ere found, as of November 1, 
1941, to have had either no fuither trouble or only mild symptoms of 
indigestion There was no bleeding, no fuither operation, and no proved 
gastrojejunal ulceration Twenty-one of these patients were considered 
to have had good results and ten had had only fair lesults Since this 
operation was performed moie frequently in the early portion of the 15- 
year period than later, many of the patients have been followed ten years 
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or more Only three (io per cent) were traced less than three years, while 
19 (61 per cent) were followed more than ten years and five (16 per cent) 
were traced 15 jears or more 

As contrasted with the group of pool results, 111 which only 14 per cent 
of the patients were 50 >ears or older, in this group of 31 patients, 13 
(42 per cent) were moie than 50 years of age Four of the patients were 
more than 60 years old Eight had had episodes of massive hemorrhage, 
requiring transfusion, 01 attended by syncope and prostration Four had 
had previous operations for the ulcei , two of the four had had multiple 
previous operations All but two of these 13 patients were considered to 
be in poor condition at the time of operation but the risk of operation was 
thought to be less than the risk of exsanguination In all, of the 62 patients 
studied, 17 w^ere 50 years of age or older One of these died (6 per cent) 
after operation Thirteen (81 per cent) of the remaining 16 obtained 
good results 

The problem is illustrated by the two following reports of cases 

CASE REPORTS 

Case 1 — A white, male, farmer, age 53, was admitted to the Mayo Clinic July 25, 
1928 He was obviously very ill His familial history was noncontnbutory He had 
been fairly ivell until the onset of his present illness and had not had any operations 

The patient complained that for about a year he had been having “stomach trouble ” 
This was manifested by tj'pical postprandial epigastric distress, usually relieved by 
food, sodium bicarbonate or belching There was occasional vomiting but none of it 
was of retention character The distress had become progressively worse with only 
short intervals of remission and on two occasions he had noted tarry stools followed by 
weakness and dizziness No massive hematemesis was reported During the six 
months prior to admission he had noticed extension of the epigastric pain to his back, 
and had complained of increasing weakness and dizziness 

In addition, the patient had been told 15 years previously, during a life insurance 
examination, that he had “heart trouble ” For five or six years he had noticed 
exertional dyspnea but had not had any severe precordial pain Tachycardia and 
palpitation were occasionally present No orthopnea or edema of ankles or face had 
been observed 

On examination, the patient was markedly undernourished and anemic The lungs 
w'ere clear but the heart was enlarged, and a loud, rough, blowing svstolic murmur was 
heard at the apex and transmitted to the axilla There was no sign of myocardial 
failure Blood pressure was 120/80, in the lying position There was slight epigastric 
tenderness but no mass was felt Ihe prostate was enlarged and firm, and moderate ' 
sclerosis of the peripheral vessels was noted 

Uranalysis show'ed a small amount of albumin and an occasional leukocyte The 
concentration of hemoglobin was only 17 per cent and the erythrocytes nuidbered 2,270,000 
The blood urea value was normal The flocculation reaction for syphilis was negative 
Prostatitis and a small amount of prostatic obstruction were noted The electrocardiogram 
showed sinus tachjcardia and aberrant QRS complexes Exaggerated P waves were 
present m leaa II A roentgenogram of the stomach showed an ulcer, with deformity 
of the second portion of the duodenum 

The patient s condition obviouslj was unfavorable for surgical treatment He was 
thought to hare chronic mitral endocarditis, well compensated" It was felt that he 
was probabh bleeding from a perforating duodenal ulcer, and that operation should 
be performed 
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At operation, August 2, 1928, a large inflammatory mass involving the first part 
of the duodenum was found It had perforated into its surrounding omental tissues, 
with resulting edema and brawniness of these tissues It was technically impossible 
to free up the duodenum and a Devine exclusion operation was performed The 
stomach was divided at the angle, the pyloric end was closed and retrocolic, complete 
(Polya) gastrojejunostomy was done The postoperative course was not complicated 
and the patient left the hospital on the fourteenth day after opei ation 

The patient returned to work within two months and, in answer to an inquiry, 
seven years later (1935) stated that he had not had any more bleeding He did not 
make any complaints referable to his stomach at that time In June, 1941, 13 years 
after the operation, he was still well He still did not have any symptoms refeiable 
to the stomach, and had not had any further bleeding 

Case 2 A male Negro, age 60, was admitted to the clinic, August n, 1928, 
complaining of “stomach trouble" of 30 years’ duration His family history was 
noncontributorv He had not had any serious illnesses or any previous operation 
The "indigestion and stomach trouble" were manifested by periodic attacks of 
postprandial epigastric distress lasting eight to ten days in the spring and fall, and 
controlled by food or sodium bicarbonate The patient had never had adequate medical 
care One and one-half years before admission he had had a severe attack during which 
he may have fainted One month before being seen at the clinic he had vomited large 
quantities of coffee-ground material and had fainted Tarry stools were present for 
about a week Peptic ulcer had been diagnosed 

On examination, the man appeared anemic His pupils reacted sluggishly to light 
but well to accommodation Theie was a slight exudate over the right fundic field 
Otherwise, the physical examination gave normal lesults 

The results of uranalysis were normal except for a few hyaline casts and a small 
number of leukocytes The hemoglobin content of the blood was only 27 per cent of 
normal, and erythrocytes numbered 2,600,000 The flocculation reaction for syphilis 
was negative Examination of the right fundus revealed moderate retinitis, probably 
associated with the anemia A roentgenogram of the stomach revealed a duodenal ulcer 
At operation, August 16, 1928, a scar of an old ulcer was seen on the anterior 
duodenal wall The scar was excised by cautery This was not thought to be the 
source of the bleeding There appeared to be a second lesion deep m the posterior wall 
of the duodenum, which had perforated onto the pancreas Because of the repeated 
hemorrhages and the location of this deep lesion a Devine exclusion operation was 
performed The stomach was divided above the angle, the pyloric half was closed and 
gastro-mtestmal continuity was restored by retrocolic complete (Polya) gastrojejunos- 
tomy The patient contracted pneumonia on the fifth postoperative day but finally 
recovered 

Since the operation the patient has been heard from on several occasions, last 
m June, 1941, 13 years after the exclusion operation At no time has he had further 
bleeding He has gained weight, but has multiple minor symptoms, none of which are 
referable to the stomach 

Comment. — After careful evaluation of the history and physical findings 
of these patients more than 50 years of age, who had bleeding duodenal lesions, 
it does not seem probable that any of them would have survived extensive 
gastric resection Anything less than an extensive resection has been 
shown to give little better ultimate results than an exclusion operation or 
gastro-enterostomy Furthermore, in none of these cases would it have been 
technically possible, or reasonably safe, to dissect the duodenum free enough 
to allow transection below the pylorus 
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SUMMARY 

Ample evidence has been accumulated to emphasize the necessity of resect- 
ing the pyloric sphincter and antrum whenever possible in the course of a 
high gastric resection for duodenal ulcer There are, however, many instances 
in which surgical discretion forbids such an ideal procedure (i) because the 
duodenal lesion is the site of active inflammation and is surrounded with 
indurated and edematous tissue, or (2) because the patient himself is in 
no condition to undergo an extensive resection, or (3) for both reasons 
The surgeon then must exercise judgment and perform that operation which 
seems indicated 

The Devine exclusion operation would seem to have only a limited 
place m the repertoiy of treatment for duodenal ulcer Of a group of 62 
patients of all ages, for whom the opeiation was undertaken, we succeeded 
in tracing 52 Forty per cent of the traced patients were known to have 
had recurrence of trouble However, if the operation is to be performed 
at all, it would seem indicated only for that small and select group of elderly 
patients who have bleeding, nonobstructmg duodenal lesions and who for 
various reasons are in poor condition for any type of surgical treatment 
Seventeen patients age 50 years, or more, were found to be included in this 
group of 62 One of these patients died seven days after the operation (6 
pei cent) Of the remaining 16, only three (14 per cent) were included 
in the group of 21 who had recurrence of trouble One of these three has 
since become well Thirteen were part of the group of 31 (42 per cent) who 
obtained good results from the operation While only 31 (60 per cent) 
of the 52 patients of all ages whom we succeeded in tracing obtained 
good results, 13 (81 per cent) of the 16 elderly patients have not had any 
further trouble That they survived the operation at all is a good argument 
for its use in such cases 

REFERENCES 

1 Allen, A W Acute Massive Hemorrhage from the Upper Gastro-intestinal Tract 

With Special Reference to Peptic Ulcer Surgery, 2, 713-731, November, 1937 

2 Allen, A W , and Benedict, E B 4 .cute Massive Hemorrhage from Duodenal Ulcei 

Annais or Surgery, 98, 736-749, October, 1933 

3 Bohrer, J V Massive Gastric Hemorrhage With Special Reference to Peptic Ulcer 

Axnals or Surgerv, 114, 510-525, October, 1941 

4 Devine, H B Basic Principles and Supreme Difficulties m Gastric Surgery Surg, 

Gynec & Obst, 69, 291-298, September, 1939 

5 Devine, H B Gastric Exclusion Surg, Gynec & Obst, 47, 239-244, August, 1928 
0 Fmsterer, Hans Surgical Treatment of Acute Profuse Gastric Hemorrhages Surg, 

Gjnec &. Ibst, 69, 291-298, September, 1939 

7 Fmsterer, Hans, and Cunha, Felix The Surgical Treatment of Duodenal Ulcer Surg , 

Gvnec &. Obst, 52, 1099-1114, June, 1931 

8 Walters, Waltman, and Cleveland, W H Results of Partial Gastrectomy for Bleeding 

Duodenal, Gastric and Gastrojejunal Ulcer Annals of Surgery, 114, 481-497, 
October, 1941 

0 Westermann, J J Surgical Aspects of Bleeding Gastric and Duodenal Ulcer Annals 
of Surgerv, iox, 1377-1388, June, 1935 

846 



PANCREATICODUODENECTOMY FOR ISLET CARCINOMA* 

A FIVE-YEAR FOLLOW-UP 

Allen 0 Whipple, M D. 

Neav York, N Y 

FROM THE DEPARTMENT OF SURGERT, COLUMBIA-PRESET TERIAN MEDICAL CENTER, NEW TORE, N T 

Case Report — Unit No 392089 Mrs A C , age 53 

Histcny The patient was first studied in the Vanderbilt Clinic, m February, 1940, 
for a complaint of epigastric pain and loss of weight and strength of two month’s dura- 
tion Her past history, except for tluee similar attacks 23, 12 and 5 years ago, was 
irrele\ant During the previous two months, as a result of excessive work, she had de- 
veloped a severe burning epigastric pain, with acid eructations, relieved by alkalies and 
small feedings of bland food During this time she had lost 12 pounds, and had an ad- 
mission weight of 80 25 pounds She was admitted to the Medical Service 

Physical Examination The patient was a tired, thin woman, looking chronically ill, 
not anemic or jaundiced The only positive findings were in the abdomen There was 
epigastric tenderness, high up near left costal margin and below and to the right, just 
above the umbilicus, could be felt a firm, nontender movable mass, four centimeters in 
diameter 

Labot atony Data Hb, 11/7 Gm , R B C 4,100,000, normal white cell count and 
differential Gastric analysis Free HCl — O, 20 minutes after histamine — 58 Guaiac 
test— negative Uranalysis No abnormalities 

Barium Meal 50% six-hour residue A large filling defect was found m the pars 
media and antral poition of the stomach, which corresponded to a mass palpated in the 
epigastrium On the lesser curvature, near the filling defect in the antrum, a persistent 
barium projection is seen, one centimeter in depth and diameter — characteristic of a pene- 
trating ulcer 

She was observed on the Medical Ward for a week, where she was seen by the sur- 
geons, and everyone agreed with the diagnosis of carcinoma of the antrum of the stomach, 
and she was, therefore, transferred to the Surgical Service 

Operative Repot t — Doctors Whipple and Nelson (March 6, 1940) Preoperative 
diagnosis Carcinoma of the antrum Postoperative diagnosis Carcinoma of the head of 
the pancreas 

Partial gastrectomy, complete duodenectomy , removal of head and part of body of 
pancreas, anterior gastro-enterostomy, end-to-side, and choledocho-enterostomy 

Operative Pathology The findings m this patient proved to be quite unexpected 
Because of the patient’s symptoms, the presence of a movable mass and the positive roent- 
genologic diagnosis of a carcinoma of the antrum of the stomach, the patient was operated 
upon with the idea of partial gastrectomy When the thin abdominal wall was opened 
the mass could be felt m what was thought to be the posterior wall of the stomach 
Because it moved easily the lesser sac was not opened to inspect the posterior wall of 
the stomach This was a mistake, for the mass, which proved to be a tumor of the head 
of the pancreas, was not discovered until after the stomach had been transected How- 
ever, the ultimate procedure was not materially endangered because the patient was not 
jaundiced, and it was felt that a one-stage procedure could be carried out in this case — 
and it was essential to do so, once having cut through the stomach The tumor mass was 
found to be occupying the head of the pancreas It was hard, but moved over the under- 
lying structures, and no enlarged nodes were felt When it was being dissected away 

* Read at meeting of New York Surgical Society and Philadelphia Academy of Sur- 
gery at N Y Academy of Medicine, February 14, 1945 
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from the portal join and the superior mesenteric vessels, great care had to be taken be- 
cause it was thought that in another two or three weeks it probably would have begun 
invading the vessels 

Procedure A left rectus incision was made When the tumor mass was felt freely 
movable on what was thought to be the posterior wall of the stomach, a resection was 
begun b) ligating the vessels m the greater and lesser curvatuies at the junction of the 
upper and middle thirds The stomach was cut across between Payr clamps and the proxi- 
mal one covered with a protecting pad, as was the distal one, and the stomach drawn to 
the right, w hen it was discov ei ed that the tumor mass was not in the stomach but in the 
head of the pancreas The common duct was found to be dilated, although the patient 
was not jaundiced, and the cystic duct had a somewhat abnormally long course, and it 
was doubtful as to whether or not the gallbladder could be used for anastomotic purposes 



Fig i — O ne stage radical pancreaticoduodenectom> , with antecolic gastrojejunostomj and implantation 

of the common duct into the jejunum 


Inasmuch as the duct was dilated, it was decided to transplant it into the jejunum which 
would be used for the gastro-enterostomy Furthermore, this made it easier to continue 
the dissection of the duodenum The gastroduodenal artery w'as ligated, which controlled 
a good part of the arterial hemorrhage, and the dissection of the duodenum with the head 
of the pancreas was then begun 

The peritoneum to the outer side of the duodenum was incised, the duodenum mobi- 
lized, and the branches of the inferior pancreaticoduodenal artery ligated The junction 
of the head and body was found to be narrow It contained a dilated pancreatic duct 
which was ligated and the pancreas cut through The junction of the duodenum and 
jejunum was then drawn to the right, behind the superior mesenteric vessels, and the 
duodenum cut between Payr clamps at the junction between the duodenum and jejunum 
The distal cut end was then sutured with an over-and-over stitch of No ooooo chromic 
and the stump was then buried with interrupted No i silk mattress sutures When the 
stump was released it passed behind the superior mesenteric vessels into the greater 
peritoneal cavitv With the freeing of the duodenum at this point the head of the pan- 
creas was dissected away from the portal vein and splenic vein and from the superior 
mesenteric v essels The patient did not lose much blood and the entire specimen of the 
distal half of the stomach and all of the duodenum and head of the pancreas and terminal 
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part of the common duct were removed A loop of jejunum was then brought up in front 
of the colon and an antecohc gastrojejunostomy, end-to-side, was established between the 
cut end of the stomach and the antimesentenc border of the jejunum, beginning with a 
seroserous suture of C silk The clamp was removed from the stomach and the contents 
of the stomach aspirated An incision m the jejunum corresponding in length to the cut 
end of the stomach w r as made and the stomata united by No ooooo chromic on two 
needles, beginning at the middle of the two adjacent parallel cut edges, locked at the 
angles and carried around to a point opposite the point of beginning, an over-and-o\ ei 



Fig 2 — Gross section of the tumor and duodenum, with probe through the common 

duct and papilla of Vater 

suture being used The seroserous suture was then carried to the point ol beginning 
Finally, the cut end of the common duct was opened by removing the Kocher clamp, the 
cveess bile aspirated and the anastomosis between it and the jejunum distal to the gastro- 
jejunostomy w r as carried out by a seioserous suture of C silk The opening in the common 
duct and an opening in the jejunum similar in diameter were united by an o\ er-and-over 
suture of No ooooo chromic and the seroserous suture carried around to the point of 
beginning This completed the procedure Hemostasis w r as found complete and the pad 
count reported correct A Penrose tube was placed down to the bed ol the pancreas 
Closure Peritoneum and posterior rectus sheath with interrupted No i silk mat- 
tress sutures , anterior rectus sheath with far- and near-interrupted sutures of C silk , 
skin with interrupted silk 

Condition — remarkably good Medication — slow transfusion Specimen distal half 
of stomach, all of duodenum, head of pancreas, and terminal part of common duct Drains 
— one Pemose tube Case — clean-contaminated Technic — silk 

The pathologist reported the tumor as being a carcinoma of the head of the pancreas, 
but of the islet cells rather than the acinar tissue In addition a penetrating benign ulcer 
on the lesser curvature of the stomach was found (Fig 2) Dr Stouts report is as 
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follows “This appears to be a characteristic and well-differentiated tumor 01 islet cclF 
Most of the cells are filled with characteristic granules (Fig 3) and it is surprising that 
the patient did not show clinical symptoms of hjperinsulinism before operation The 
tumor has infiltrated the head of the pancreas, destroying most of it It has surrounded 
and infiltrated the wall of the common duct as it passed through the head of the pancreas, 
and in this way narrowed the lumen It has infiltrated many large and small \eins 
(Fig 4). so that the possibility of \enous metastasis must be kept m mind No lymph 
node metastases have been found in any of the lymph nodes examined The remaining 
pancreatic tissue, except v'here it has been attacked by the tumor, is rclatneh normal in 
appearance and is w r ell supplied wuth islets The small ulcer high on the lesser cur\a- 
ttire of the stomach has produced marked destruction of the muscular coat, although a 
few r muscle bundles can still be noted in the scar tissue forming the bed of the ulcer ” 
Dr Virginia Kneeland Frantz reported as follow's “With Hensley’ s stain the granules 
all stain red If the stain is reliable, w'hich it has not been previously in our hands wuth 
human tissue, this w'ould mean that the tumor is composed of alpha cells ” 

Fasting blood sugars after operation showed normal levels of 98 to 104 mg per cent 

Subsequent Course — The patient made an uneventful comalescence She has been 
folknved frequently in our Metabolism Clinic because of a fat indigestion She show's from 
30 to 50 per cent fat loss in her stools on repeated measured fat intake and output studies, 
but this fat loss m the stools is controlled somew’hat by the use of 5 panteric and 9 
holadin tablets od Her weight is maintained at 90 to 94 pounds She is still just as 
active and busy in her household duties and in w’ork as a clergyman’s wife m his parish 
as at any time before her operation At no time has she shown any evidence of hypei- 
msulimsm or of hypoglycemia either symptomatically or by fasting blood sugar deter- 
minations 

Comment This is the first recorded one-stage removal of the head of the 
pancreas and duodenum, with occlusion of the pancreas Trimble leported 
a similar procedure, carried out independently in a patient operated upon 
several w r eeks later As a result of our expenence m some 27 ladical pan- 
creaticoduodenectomies, 22 for malignant neoplasm and 5 for calcification 
of the pancreas, we now r advocate the one-stage procedure for the following 
reasons 

1 The danger of hemorrhage and postoperative oozing is controlled by 
preoperative vitamin K therapj 

2 The dangei of two anesthesias and two major piocedures is avoided 

3 The difficulties of extensive and in some cases massive adhesions at the 
second and moi e difficult stage ai e a\ oided 

4 Continuous spinal anesthesia, together with plasma and wdiole blood 
transfusion, has made the one-stage procedure safer than the two-stage pro- 
cedure We have perfonned eight two-stage opeiations, wuth a mortality of 
38 per cent, wdiereas, in 19 one-stage operations our postoperative mortality 
from all causes was 31 per cent We have lost no patients with one-stage 
procedures for benign lesions 

5 In the one-stage procedure w r e have found tw T o steps of great ad- 
vantage 

(a) The implanting of the common duct into the jejunum, either end-to- 
end or end-to-side, depending on the choice of the loop or Roux-type 
of jejunojej unostomy This avoids the dangers of a cholecjsto- 
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enterostomy, and the serious complication oi a biliary fistula as a 
result of the cutting through of the ligature on a ligated common duct 
(b) The implanting of the pancreatic duct into the jejuhal loop below the 
choledoch ojej unostomy This eliminates all the uncertainty and de- 
bate regarding an occluded pancreas and possible fatty liver degen- 
eration 

There have been many modifications of the one- and two-stage procedures 
reported since our paper in 1935 Provided a cholecystogastrostomy and 
ligation of the common duct is not done, I believe it makes little difference 
what modification of the one-stage is used 

We regret that our subsequent reports on this subject are seldom referred 
to and that our original papei describing a two-stage procedure is always 
mentioned Because of the newer advances in pre- and postoperative treat- 
ment, I condemn the two-stage procedure and advocate the one-stage pro- 
cedure with choledochojej unostomy and implantation of the pancreatic duct 
into the jejunum as the procedure of choice 
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SUPPURATIVE PANCREATITIS WITH ASSOCIATED 

LIVER ABSCESS* 

Thomas A. Shallow, M D , Sherman A Eger, M D , 

AND 

Frederick B Wagner, Jr , M D. 

Philadelphia, Pa 

FROM THE SAMUEL D GROSS SURGICAL DIVISION OF THE JEFFERSON 
MEDICAL COLLEGE HOSPITAL, PHILADELPHIA, PA 

In accord with oui own expei lence, 1 recent trends m the literature have 
emphasized the decreased mortality of acute pancreatitis when treated by 
the conservative nonopeiative method, reset vmg operation for the complica- 
tions of this disease, namely, pseudocyst and abscess Within the past three 
years 19 cases of acute pancreatitis have been encountered m the Jefferson 
Medical College Hospital, 12 of the edematous type and seven of the hemor- 
rhagic type In the hemoirhagic group, pseudocyst formation occurred m 
two cases, and pancreatic abscess, also, 111 two cases It is the purpose of this 
communication to present m detail one case from this senes, unusual because 
of suppuration followed by hepatic abscess, to discuss its pathogenesis and 
evaluate the factors contributing to 1 ecovery 

Case Report — A T , female, age 55, was admitted to the Surgical “A” Ward 
Service of the Jefferson Medical College Hospital, September 30, 1944, with the chief 
complaint of epigastric and right upper abdominal pam 

The patient had been well until three days prior to admission, at which time she 
first experienced moderately severe epigastric and right upper abdominal pam The 
pain was constant, did not radiate, and was accompanied by nausea and frequent episodes 
of vomiting of greenish-yellow material She also had diarrhea, with passage of four 
loose stools daily for two days From the onset of the attach she remained confined to 
bed and had fever 

The past medical history revealed that the patient previously had always enjoyed 
excellent health She had been free of indigestion and was able to tolerate all types 
of food 

Physical Examination — The patient was a moderately obese middle-aged Italian 
woman who was apprehensive, slightly irrational, and appeared acutely ill Temperature 
103° F , pulse 130, respirations 26, and blood pressure 140/90 She was slightly 
jaundiced and markedly dehydrated The heart and lungs were essentially normal On 
inspection, the* abdomen was slightly distended and abdominal respiratory movement 
was restricted In the right upper quadrant there were exquisite tenderness, marked 
rigidity and rebound tenderness No mass ivas noted at this time Rectal examination, 
as well as the remainder of the physical examination, were essentially normal 

Laboratory Data — Examination of the blood showed hemoglobin 78 per cent, led 
cells 4,000,000 , white cells 13*600, with polymorphonuclear cells 57 per cent (8 per cent 
young forms), lymphocytes 39 per cent, monocjtes 3 per cent, and basophils I per cent 
Uranalysis revealed slight albuminuria, but was otherwise negative Wassermann and 
Kahn serologic reactions were negative The blood urea nitrogen was 90 mg, sugar 
1 14 mg, and serum proteins 65 Gm Van den Bergh test showed a positne direct 
reaction, with serum bilirubin of 2 1 mg Bromsulfalem liver function stud} showed 
20 per cent dye retention The prothrombin time was 6S per cent of average normal 

* Presented before the Philadelphia \ndcnn of Surge! Tanuan 8, 194^ 

853 




854 



■\olume 121 
Number G 


SUPPURATIVE PANCREATITIS 


The serum amylase, determined sin days following the onset of symptoms, was normal 
Blood culture revealed no growth in 48 hours A plain roentgenogi am of the abdomen 
was negative 

Pnopciativc Com sc— It was thought that the patient had acute calculous cholecys- 
titis Accordingly, a consei vative plan of treatment was instituted, consisting of 
Wangensteen suction, 5 per cent glucose m normal saline solution, with vitamin Bi 
100 mg, vitamin C 100 mg, and vitamin K 4 mg intravenously daily, also sodium 
sulfadiazine 5 Gm mtravcnouslj daily In spite of this therapy the patient failed to 
improve, and during the ensuing thiee days a mass became palpable m the right upper 
quadrant extending four fingers’ breadth below the right costal margin The temperature 
fluctuated daily between ioo° F and 103° F, and the pulse ranged between 100 and 120 
O11 the foui th day of admission the patient developed grunting, shallow respirations at 
a rate of between 30 to 40 a minute, but there was no evidence of pneumonitis on 
physical examination The leukocyte count rose to 18,000 by the third day of 
admission, 20,000 by the fourth, and 26,000 by the fifth day At this time the administra- 
tion of sodium sulfadiazine was discontinued and penicillin administered intramuscularly 
at two-hour intervals, with a total dosage of 100,000 Oxford units the first 24 hours 
and 50,000 units daily thereafter (Chart 1) On the sixth day the patient was operated 
upon, with a preoperative diagnosis of empyema of the gallbladder, and the contemplated 
procedme was cholecystostomj 

Operation — Doctoi Shallow, October 5, 1944 Under pontocaine spinal anesthesia, 
a right upper rectus muscle-splitting incision was made, and a slight excess of odorless 
turbid fluid was encountered m the peritoneal cavity The gallbladder and biliary tract 
were fiee of any inflammatory process, easily compressible, and no stones were palpable 
The anterior surface and lesser curvature of the stomach, as well as the duodenum, 
were next examined and showed no evidence of perforation The gastrohepatic omentum 
was markedly congested, edematous, spotted vv ith patch} areas of fat necrosis, and overlay 
a boggy mass protruding into the lesser peritoneal cavity The gastrocolic omentum 
was likewise edematous and involved by scattered patches of fat necrosis After 
walling-off the coils of bowel with saline gauze packs the gastrohepatic omentum was 
incised, and the lesser peritoneal cavity exposed The posterior wall of the stomach and 
duodenum showed no evidence of perforation Within the body of the pancreas was a 
fluctuant mass, which, following incision, was found to contain about eight ounces of 
cxtiemelv foul-smelling material of thin consistency and dish water color, in which 
small pieces of necrotic pancreatic tissue were suspended Subsequent smear of this 
material revealed necrotic cellular debris, many gram-positive cocci, and the culture was 
positive for Sti cptococcus hemohticus Most of the body of the pancreas was destroyed 
bv the abscess 

The quadrate lobe of the liver, 011 the inferior surface between the falciform ligament 
and the gallbladder, presented a slight bulge, suggestive of an underlying abscess An 
aspirating needle was intioduced and 5 cc of pus was readily obtained The liver was 
then incised over this aiea and a finger introduced Two abscess cavities, m direct 
communication, were palpated Four ounces of foul-smelling, thick, creamy-yellow 
mateual were aspirated, which on subsequent smear showed necrotic cellular debris, 
a few gram-positive cocci, and on cultuie were positive for St) cptococcus hcmolyticus 
This hepatic abscess was entirely independent, showing no continuity or contiguity with 
the one in the panel eas 

Two iodoform packs and a Penrose diain were inserted into the abscess cavity of each 
organ and an additional Penrose drain was placed in the kidney pouch adjacent to the 
foramen of Winslow These were brought out at the upper pole of the wound, which 
was then closed in lasers The patient received 500 cc of citrated blood during the 
operation, which lasted 30 minutes, and she left in fair condition 

Postopaativc Com sc — The immediate postoperative response and convalescence 
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were essentially uneventful She received 5 P er cent glucose in saline, containing 
vitamins B, C, and K intravenously daily for four days, Wangensteen suction for four 
days, sodium sulfadiazine 5 Gm intravenously daily for two days, penicillin 50,000 
Oxford units daily in divided doses everv two hours intramuscularly for six days (Chart 
1) , and 500 cc of citrated blood on the seventh and twelfth days postoperatively 

Postoperative Laboiatory Data— Blood count (first day) showed hemoglobin 71 
per cent, red cells 3,400,000, white cells 19,000 and 5,000 (fifteenth day) Repeated 
uranalyses were normal The serum amylase was normal (first day) , urea nitrogen 
21 4 mg (first day) and 188 mg (fourth day) , serum calcium 9 2 mg (fourth day) , 
positive direct van den Bergh reaction, with serum bilirubin 1 7 mg (sixth day) and 
0 5 mg (21st day) , bromsulfalein liver function study showed 5 per cent dye retention 
(sixth day), and 110 dye retention (21st day) , and blood sugar 99 mg (15th day) 

The patient drained purulent material profusely through the wound during the 
first week, requiring change of dressings several times daily During this time the 
jaundice began to subside, v the temperature and pulse rate decreased, and the patient’s 
mental state cleared The drams were started out on the seventh day and completely 
removed on the tenth The wound became mildly infected but responded to o 8 per cent 
sulfanilamide irrigations and compresses By the 20th day the jaundice had entirely 
subsided, the temperature and pulse had become normal and remained so until the 
patient was discharged, November 4, 1944, the 30th day postoperativelv (Chart 1) 
At this time there was still slight drainage from the wound 

Second Hospital Admission — The patient was readmitted 20 days later, November 
24, 1944 Slight drainage from the wound had persisted, and three days before admission 
she developed fever 

Physical Examination — Temperature too 4° F, pulse no, and respirations 20 
There was no jaundice, and her general appearance was the same as on discharge from 
the hospital An area of tenderness and fluctuation was present in the upper half of 
the wound 

Laboratory Data — Blood count revealed hemoglobin 65 per cent, red blood cells 
3,900,000, and white cells 15,000 Three routine uranalvses were normal The serum 
bilirubin was 0 6 mg , bromsulfalein liver function test showed no dye retention , pro- 
thrombin time was 52 per cent of normal , and the serum proteins were 5 1 Gm A plain 
roentgenogram of the abdomen was essentially negative 

Subsequent Ticatmcnl and Piogicss — The tip of an hemostat was introduced into 
the upper pole of the wound, and about an ounce of greenish pus, positive on culture for 
Streptococcus hcmolyticiis and Staplivlococcus aureus, obtained The wound was irri- 
gated twice daily, and compressed with 08 per cent sulfanilamide solution, and sulfa- 
diazine was given orally so as to maintain a blood level around 5 mg Vitamin B and K 
and bile salts were administered orally Ferrous sulfate was given orally, and 500 cc 
of citrated blood intravenously, following which the hemoglobin rose to 71 per cent 
The patient was discharged, December 9, 1944, 15 davs after admission, at which time 
drainage from the wound was almost negligible 

The patient was last seen January 5, 1945, three months postoperatively Her 
appetite was good, she had gained ten pounds in weight, was free of fever, and 
drainage from the wound had ceased 

Com aient — Suppuiative pancreatitis usually occurs as a complication of 
hemorrhagic pancreatitis, resulting from bacterial invasion of the necrotic 
tissue Less frequently it may occur as a result of ascending infection 
through the pancreatic duct Pancreatic abscess has been produced in animals 
by injection of colon bacilli into the pancreatic duct Ascending infection 
may occur when the biliary tract is the seat of inflammation, as in cholelithiasis 
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with cholangitis, with reflux of infected bile into the pancreatic duct m the 
presence of obstruction at the ampulla of Vater (cases of Mayo Robson 2 ) 
Bevan 3 and Batchelor 4 have each reported a case associated with cholelithiasis 
According to Opie , 5 panel eatic calculi are associated with pancreatic suppura- 
tion with relative fiequency, and carcinoma compressing the pancreatic duct 
or carcinoma of the ampulla of Vater (case of Pearce 6 ) may, likewise, be 



Fig i — Posterior surface of duodenum and 
pancreas, showing relation of lymph nodes along 
the hepatic arterj , cystic and common bile duct 
chains to those corresponding to the vascular arch 
behind the pancreas (Poirier, Cuneo, and 
Delamere) 

associated with abscess of this gland Pancreatic abscess may arise by exten- 
sion from an adjacent organ by contiguity or thiough the lymphatics Thus, 
abscess m the tail of the pancreas secondary to a perforated gastric malignant 
tumor has been reported by Ochsner 7 Finally, hematogenous spread of 
infection to the pancreas may occur in rare instances 

Pancreatic abscess is usually associated with peritonitis of the lessei peri- 
toneal cavity, and perforation into the general pentoneal cavity may occur 
According to Opie 5 lupture into the stomach or intestine has followed, and 
vomiting or discharge from the bow'd of purulent or hemorrhagic material 
has been reported Associated thrombophlebitis of the splenic and portal 
vein may result m metastatic liver abscess Destruction of a major portion 
of the gland may lead to the development of diabetes mellitus, as in the case 
of Beller and Nach 8 

We believe that the sequence of events in the present case consisted of 
an attack of acute hemorrhagic pancreatitis followed by bacterial invasion, 
involvement of the pancreatic veins, and perhaps the splenic vein, by the 
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infection, and seeding of bactei m 01 septic emboli into the liver through the 
portal vein The spread of infection from pancreas to liver by the lymphatics 
is also a possibility (Fig i) The finding of a noimal preoperative serum 
amylase value on the sixth day following onset of the attack is m keeping 
with the well-substantiated fact, both in the literature and our own cases, 1 
that the level usually falls to normal within 12 to 72 hours, and only in the 
minority of cases is elevated beyond this time (Chart 2 ) 

The absence of biliary tract disease, both in the past histoiy and opeiative 
findings, is of intei est, since about 70 pei cent of cases of acute pancreatitis 



Chart 2 — Curves showing elevated serum amylase during acute attach with fall as 
attach subsides (Numbers 011 curves correspond to cases 111 authors’ series ) 

are associated with lesions in this system The jaundice in this case was 
mainly due to hepatitis and possibly, to a lesser degree, to compiession of the 
common bile duct in its tiansit through the gland by edema Posterior pei- 
foration of a peptic ulcer into the panel eas was definitely 1 uled out at opera- 
tion The possibility of an hematogenous origin of the pancreatic abscess 
seems unlikely in view of the lack of clinical evidence of a primary focus else- 
where, and the negative blood culture 

According to the recent work of Edmondson and Berne, 0 serum calcium 
findings below 9 mg pei 100 cc of blood usually occur m cases of pancreatic 
necrosis some time between the second and 15th day of the disease, and 
rallies below 7 mg indicate a fatal prognosis In keeping with this work, the 
value m the present case of 9 2 mg on the 14th day following onset of the 
attack seemed to prognosticate a far orable outcome 

In this case the loss of pancreatic tissue did not result m diabetes mellitus 
According to the work of Allen, 10 destruction of seven-eighths, or more, of 
the gland is necessary for a diabetic state to ensue 
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The importance of sciupulous pie- and postopei ative care m this serious 
condition is self-evident Supportive measures, such as fluids intravenously, 
plasma, blood, and vitamins , W angensteen suction to combat ileus , and chemo- 
therapy with sulfonamides and penicillin are vital adjuncts m treatment Be- 
cause the infection was associated with gram-positive cocci, we believe that 
the use of penicillin for one week was an important factoi m the patient s 
1 ecovery 

CONCLUSIONS 

1 Although the conseivative nonoperative management of acute pan- 
creatitis has been stressed in the recent literature, this case illustrates a cleai- 
cut indication for surgical intervention, namely, abscess formation 

2 The finding of an associated livei abscess at operation is unusual 

3 Meticulous pre- and postoperative care, including the use of penicillin, 
are vital adjuncts to carefully timed and adequate surgical intervention 

4 Suppurative pancreatitis with associated liver abscess is a grave but 
not hopeless condition 
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FROZEN HUMAN SKIN GRAFTS 
Max M Strumia, M D , and Clare C Hodge, M D 
Bryx Matvr Pa 

FROM THE LABORATORY OF Cl INICAL PATHOLOGY AND THE DEPARTMENT OF SURGERY 
OF THE BRYN MAWR HOSPITAL, BRYN MAWR, PA 

Preservation of free skm grafts up to one hour before replacement was 
begun in 1804 by Baronio 1 Wentscher, 2 in 1903, was the first to use refrig- 
erated free skm autografts The period of preservation varied from 7 to 14 
days Filatov 3 treated some skm diseases by transplantation of cadaver skm 
preserved by refrigeration for several days The transplant itself is lost 
and the good results are attributed to the production of autocatalysty Re- 
frigerated cornea, mucosa and vascular tissues were similarly employed The 
same technic was employed with good results by Dellepiane-Rawson 4 
' The ability of cold-blooded animals and their organs to survive freezing 
for periods of time is well known The successful transplantation of various 
types of tumors after freezing and thawing has been achieved by Klinke, 5 
Breedis 6 and Cloudman 7 Mider and Morton’s 8 experiments suggested that 
skm might survive freezing and thawing in functional conditions 

Briggs and Jund 9 obtained 52 per cent of partial or complete takes using 
autoplastic giafts of frozen skm from young mice Slow freezing to minus 
78 5° C was employed with slow thawing to 25 0 or 30° C The period of 
storage varied from one to 24 hours 

Webster, 10 from his extensive experimental work, dating back to 1932, 
reported a total of 23 patients upon whom refrigerated skm grafts have been 
applied on 36 occasions Most were split-thickness grafts All but five were 
autogenous, and in most instances the period of preservation was less than 
21 days All autografts refrigerated over three weeks did not take Homog- 
enous grafts, likewise, disappeared Webster also used one graft frozen 
to minus 72 0 C and another dried from the frozen state Both were kept 
for 17 days The frozen graft was largely lost, portions of the skm dried 
from the frozen state fared better, with about 80 per cent take 

In the course of experimental work on the preservation of plasma m the 
frozen state, 11 it was found that under ceitam experimental conditions it is 
possible to retain all the physicochemical properties of complex colloids 
These conditions are essentially rapid freezing, maintenance at a temperature 
below minus 15 0 C and rapid thawing followed by warming to 37° C In- 
stantaneous freezing at very low temperatures is neither essential nor does 
it improve the final product 

In the process of drying of tissues from the frozen state prior to imbedding 
m a transparent plastic, 12 it v f as found that freezing and thawing of tissues 
from homothermic animals under conditions similar to those just mentioned 
was compatible with a very good preservation of all cellular structures (Fig 1 ) 
Our experimental v r ork on preservation of human skm in the frozen 
state v'as begun m 1943 as a first step in the development of skin banks 
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foi homologous grafts In the work reported here only autogenous giafts 
were employed The teclimc was as follows The skin was prepared with 
green soap, -water and ether Following ether, split-thickness skm grafts were 
taken from the donor site with the Padgett dermatome 13 These grafts 

A 



B 


Tig j — A — Norrail fresh shin 

B — Shin frozen and preserved m the frozen state for three montns 

measured 04 mm in thickness Segments measuring the full width and 
length of the Padgett dermatome were obtained and, in turn, these w r ere cut 
into smaller sections depending upon the size of the recipient area The 
controls varied from a section of skm measuring 7 5 cm m width to 20 cm 
m length to smaller segments depending upon the size and site of the recipient 
area The segments of skm to be frozen were of a constant size measuring 
approximately 10 x 5 x o 4 mm These were immediately placed in citrated 
plasma The plasma w'as fresh or preserved m the frozen state Ten to 15 cc 
of plasma have been found sufficient for about a dozen pieces of skin The 
amount of plasma should be large enough to cover readily all skin pieces 
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Pooled plasma as well as plasma fiom AB-group patients have been used 
The best results have been obtained with plasma from AB-type patients The 
bottle containing the plasma and skin grafts was closed with a rubber stopper, 
using aseptic technic and was immediately placed at minus 20° to minus 25 0 C 
With 10 to 15 cc of plasma in an ordinary vaccine bottle complete freezing 
took place in 15 to 30 minutes, depending on the initial tempeiature and the 
method of heat dissipation The bottles were placed in a slanted position 
during freezing to minimize danger of bieaking 

The skm frozen in plasma was maintained at minus 20° to minus 25 0 C 
until ready for use More rapid freezing 01 freezing and pieservation at lowei 
tempeiatures have not been found necessary 

At the scheduled time of tiansplantmg, the fiozen segments of skm in 
the plasma were allowed to thaw by placing the bottle in the water bath at 
37 0 C The skm segments were then transplanted to the recipient site without 
suturing and using only salt solution to prepare the donor area A paraffin- 
mesh dressing over which moist saline sponges weie placed followed with 
a pressure dressing of sponges and Ace bandages weie the means utilized 
to provide umfoim pressuie The diessings were not examined until one 
week had elapsed, and at that time the dressing was changed, and the per- 
centage take was obseived The lediessing subseciuentlv was as often as 
indicated, usually at five-day intervals 

CASE REPORTS 

Case x — A white woman, age 47, was admitted to the Bryn Mawr Hospital January 
13, 1944, and discharged on June 8, 1944 The patient suffered from extensive 2nd 
and 3rd degree burns of arms, forearms, shoulders, thorax, abdomen and back The 3rd 
degree burns were most extensive over the right shoulder, the left shoulder, the left 
forearm and arm and the left thorax, anteriorly and laterally On February 26, 1944, 
split-thickness skin grafts were taken fiom the right thigh and were immediately trans- 
planted as controls to the left arm and forearm Ten pieces of skin, measuring 10 x 5 x 
04 mm, were frozen, and next day were thawed and transplanted to the left arm and 
forearm On March 3, 1944, all but one of the frozen grafts appeared to have taken 
On March 12, 1944, the frozen grafts appeared healthy and showed definite increase in 
size On March 7, 1944 , spht-thickness skin portions u'ere taken from the left thigh 
and some w'ere immediately transplanted as controls to the left arm and breast Twelve 
sections of the size indicated above were frozen On Maich 12, 1944, the frozen elements 
were transplanted to the left arm and breast On March 19, 1944, there appeared to be 
six complete takes and two partial takes of the frozen grafts O11 March 22, 1944, eight 
grafts of frozen skm out of 12 appeared viable and proliferating On March 24, 1944, 
spht-tlnckness skm grafts were taken from the left thigh Some w'ere immediately trans- 
planted to the left forearm and 12 segments were frozen On March 28, 1944, these 
skin elements were thaw'ed and transplanted to the left forearm Of the 12 frozen skm 
grafts, eight appeared to ha\e completely taken, one partially On April 7, 194 4, the 
takes appeared to be proliferating more than the grafts that were transplanted without 
freezing 

Summary — The 25 control grafts of fresh skin show r ed 85 4 per cent takes , 
the 34 frozen skin grafts showed 78 per cent takes 
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Case 2 — A white woman, age 78, was admitted to the Bryn Mawr Hospital on April 
30, 1944, and discharged on June 17, 1944 The patient suffered from an extensive 
carcinoma simplex of the left breast with metastasis to axillary lymph nodes The 
patient had had a previous right mastectomy in 1940 A radical mastectomy w r as per- 
formed on May 1, 1944 The skin loss w ; as too extensive to perform closure without 
tension Moderate sloughing occurred about wound margins, necessitating skin grafting 
Split-thickness skin grafts v'ere applied to the left chest, arm and abdomen on June 1, 
1944 Three segments of skin, measuring 10 x 5 x 04 mm, were frozen On August 
1, after 61 days of preservation at minus 25 0 C , the three grafts were thawed and 

A 



B 

I'm 2— Case No 3 Frozen autogenous skin grafts A — 22 da>s, B — 118 dajs after implantation 

transplanted to the ulcer on the left thorax The wound v’as redressed on August 8, 
1944, and all frozen elements appeared to have taken There v'as a slight crusting of 
the frozen elements, with viability appearing certain By August 15, the grafts appeared 
to have taken 100 per cent On September 3, 1944, all refrigerated elements appeared 
to ha\e taken completely 

Summary — The three control grafts of fresh skm showed 85 per cent 
takes, the thiee grafts of frozen skm showed too per cent takes 

Case 3 —A white male, age 5, was admitted to the Bryn Maw-r Hospital on March 
16, 1944, and discharged on June 4, 1944 He suffered from extensive 2nd and 3rd degree 
burns of the arms, forearms, thighs, leg and face Split-thickness skm grafts were 
removed on May 4, 1944 Some were immediately transplanted to the left leg and 
thigh Four pieces, measuring 10 x 5 x 04 mm, were frozen On May 11, seven 
da\s later, the fiozen skin grafts were thawed and implanted on the left leg On May 
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17, the grafts appeared to have taken nicely On June 24, 44 days after implantation, 
all grafts were doing well Those which had been frozen appeared to be somewhat 
healthier than the control grafts at similar stages and were proliferating more than 
usual (Fig 2) On September 11, four months later, all grafts had continued to 
grow nicely and had formed viable skin 

Summary — The six control grafts of fresh skin showed 96 per cent 
takes, the four grafts of frozen skin showed 100 per cent takes 

SUMMARY AND CONCLUSIONS 

Forty-one autogenous split-thickness grafts preserved in the frozen state 
fiom one to 6x days at temperatuies of minus 20° to minus 25 0 C were 
tiansplanted to three patients These giafts resulted in 805 per cent per- 
manent takes Thuty-four control grafts of fresh skm in the same patients 
1 esulted in 86 4 per cent takes 

The result of grafting does not appear to be affected by the time of 
stoiage of the grafts m the frozen state, at least within the experimental 
limits mentioned 

Aside from the possible development of skm banks for homografts, 
the pieservation of split-thickness autogenous skm grafts in the frozen state 
allows the operator to obtain at one operation large numbers of grafts which 
may be employed for transplantation at any time later on 
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THE PYRUVIC ACID METHOD OF BURN SLOUGH REMOVAL 

AN EXPERIMENTAL INVESTIGATION * 

Conrad R Lam, M D , and Magda Puppendahl, M D 
Detroit, Micii 

FROM THE DIVISION OF GENERAL SURGERY OF THE HENRY FORD HOSPITAL DETROIT MICH 

There is general agreement that the process of repair in any type of 
wound is favoied b\ the early and complete removal of nonviable tissue In 
the contused laceiation, this debridement is accomplished by excision with 



Fig i — Condition of three experimental burns on Dog No 7, 
on fourth day Left upper, plain starch paste Right upper, pyruvic 
acid paste Small, irregular sloughs have been removed as indicated 
The uounds ate identical Finger points to dry control, v r ith no 
sign of sloughing 

the knife Although such straightforward surgical treatment has been applied 
to burns occasionally, it has been assumed that a chemical method of slough 
lemoval would be preferable, owing to the difficulty in making an early and 
accurate determination of which areas will ultimately prove to be third- 
degree in depth 

Connor and Harvey 1 have described a procedure for the treatment of 

* This work was done under a contract recommended by the Committee on Medical 
Research, between the Office of Scientific Development and the Henry Ford Hospital 
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experimental third-degree burns which results m a surprisingly early separation 
of the slough They reported a pleasing lesult m one clinical case They 
had recalled that infection is often associated with rapid slough separation 
and had noted that the p n of the exudate from the infected wound was 
frequently low, t e , of acid leaction Theiefore, the basis of their method 
was to bring the wound into an acid envuonment as far as possible This 



JJ 7 ’ - Fig 4 — Effect of plain starch paste (left an 
V tenor burn) and tragacanth jelly (right anterior 
fell burn) Good sloughing of both occurred on fourth 
p day 

was done by dressing the lesion with a generous amount of a paste containing 
enough pyruvic acid to bring the pn down to l 9 Small third-degree burns 
111 dogs were produced by burning for 20 seconds with a gas flame “The 
control burns w r ere dressed within a few hours after burning with either dry 
gauze, vasehned gauze or a paste consisting of 8 per cent cornstarch in 
distilled water” The conti ol wounds sloughed in 10 to 12 days The 
burns treated with pyiuvic acid paste sloughed m three days 

We have repeated this experiment with tw^o changes in the procedure. 
A method of burning was used which probably produced a more uniform 
burn, and every treated lesion was checked with two controls on the same 
animal, one was left dry and the other was covered with the vehicle for 
the pyruvic acid, 1 e , plain starch paste 

Small or medium-sized dogs w'ere used A suitable area on the back 
w'as shaved, after which the animal was anesthetized with intravenous 
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nembutal For making the burn, we used the flattened bottom of a pyrex 
test tube containing sulphuric acid which had been heated to 205 0 C At 
the instant of contact, the temperature was usually about 200° C and 


Table I 



Seconds of 

Dog No. 

Burning 

1 

* IS 

2 

45 

3 

15 

4* 

15 

5 

15 

6 

30 

7 

30 

8 

30 

9 

30 

10 

30 

11 

30 

12 

30 


Days Required for Sloughing 


Plain Starch 

Pyruvic Arid 

Dry Control 

3 

3 

17 

4 

4 

9 

4 

4 

11 

4 

5 

11 

4 

4 

11 

4 

4 

13 

4 

4 

11 

1 

4 

9 

5 

5 

10 

4 

4 

11 

4 

4 

11 


♦None of the burns on this animal sloughed, due to short period of burning 


at the end of 30 seconds of burning was about 190° C Two burns were 
placed anterior!)', one on each side The third burn was placed pos- 
teriorly near the midline In the first series of 12 animals, the right 
anterior burn was coveied with the pyruvic acid paste, the left anterior was 


Tableau 

TRAGACANTH JELLY Versus PLAIN STARCH PASTE 

Ml Burns were for 30 Seconds 

Days Required for Sloughing 

Dog No 
Bl 
B2 
B3 
B4 
BS 
B6 

♦Animal licked dry control wound 
(Only two burns made on animals BS and B6) 

coveied with the plain paste, and the posterior bum was left diy and exposed 
To prevent mixing of the two pastes, a “bridge” of dressing was placed 
between the wounds Both layeis of paste weie covered with vaselmed gauze 
and dry gauze, after which a substantial cucular bandage of elastoplast was 
applied During the fust few days, additional paste of the appropriate kind 
was forced under the dressing by means of a small syringe of the asepto 
type At these times, it was possible to get a partial view of the wound to 
see if sloughing was about to take place 

Figure 1 is typical of the appearance of the wounds on about the fourth 
day The areas treated with either the pyruvic acid paste or the plain starch 
usually sloughed in the same period of time (3-5 days) while the dry- 
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4 4 12 

3 3 11 

3 3 10 

3 3 10 

4 9 

4 7* 
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control needed about 12 days Sometimes the sloughs were ragged, as m 
Figure 1, at other times they were clean-cut buttons (Fig 2) and occasionally 
they were lost entirely (Fig 3) The base of subcutaneous tissue which re- 
mained after the removal of the slough appealed to be healthy, as if it would 
take a skin gtaft 



Fig 5 — Dog No 21 on the second dny Upper wound 
dressed with wet cotton has sloughed Dr) control wound 
shows no sign of sloughing 


This experiment was carried out in 12 animals (36 burns), and the results 
may be seen in Table I In no instance did the pyruvic acid paste prove 
to be superior to the plain starch paste 

We then repeated the experiment, substituting a presumably inert aqueous 
jelly base (tragacanth) for the pyruvic acid paste The results in six animals 
are shown in Table II The tragacanth jelly proved to be as efficacious m 
removing slough as either of the agents used m the preceding experi- 
ment (Fig 4) 

From the above experiments it appeared likely that sloughing would be 
promoted by keeping the burn moist by any method Therefore, in the third 
set of experiments, only two burns were made on each animal, an anterior 
one which was dressed with absorbent cotton wet with distilled water, and a 
posterior dry control (Fig 5) Table III gives the results obtained m 
nine dogs 
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COMMENT 

Early sloughing* was produced by dressing the small third-degree burns 
with pyruvic acid m starch paste, plain 8 per cent starch paste, tragacanth 

Table III 

Days Required for Sloughing 


Dog No 

Wet Cotton 

Dry Control 

13 

4 

9 

14 

6 

22 

15 

4 

15 

16 

5 

16 

17 

Died (anesthesia) 


18 

15* 

16 

19 

3 

14 

20 

3 

11 

21 

2 

9 


♦Vicious animal Dressing received only initial wetting, and became dry 

jelly and cotton wet with distilled water The only common factor appeals 
to be the “wetness ” It is suggested that the favorable effect on sloughing 
obtained with pyruvic acid paste is due more to maceration than to pn A 
dry gangrene has been converted to a wet one 
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BONE SARCOMA IN POLYOSTOTIC FIBROUS DYSPLASIA* 

Bradley L Coley, M D , and Fred W Stewart, M D 
New York, N Y 

FROM THE MEMORIAL HOSPITAL NEW YORK, N Y 

Within tiil past decade the syndrome now commonly designated as 
fibrous dysplasia of bone has become increasingly recognized In 1934 , 
Goldhamer 1 recognized a disease which he characterized as osteodystrophia 
fibrosa unilateialis with pubertas praecox, and, in the same year, Borak 
and Doll 2 descnbed what they called unilateral Recklinghausen’s disease 
of bone with pubertas praecox Almost simultaneously m this country ap- 
peared papers by Lichtenstein, who employed the term “polyostotic fibrous 
dysplasia,” and by Albright, Butler, Hampton and Smith 4 and Albright, 
Scoville and Sulkowitch, 5 who defined the process as a syndrome characterized 
by osteitis fibrosa disseminata, areas of pigmentation, and endocrine dys- 
function, with precocious puberty in females In 1942, Lichtenstein and 
Jafife, 0 published an account of a large number of cases, with descriptions 
of their accessory features in addition to the skeletal lesions 

The present authors have no intention of again describing the syndrome 
Their sole purpose is to place on record two instances of malignant bone tumor 
arising on the basis of fibrous dysplasia Heretofore, so far as they know', 
this event has not been described, although cases doubtless exist 

In our first case, initially seen in 1929, the syndrome was, quite naturally, 
not recognized, although the characteristic pigmentation is described Not 
until about ten years later did this case reach the proper chmcopathologic 
category 

CASE REPORTS 

Case 1 — The patient, J W , No 40833, was a female, age 42, of Lithuanian an- 
cestry Her past history was uneventful Five months prior to admission, she noted 
slight stiffness m her left shoulder This increased during the following month and 
pain developed, especially on motion Apparently, she first noted swelling in the 
shoulder region about two months after her first symptom The swelling became pro- 
gressively worse and two weeks prior to admission to the Memorial Hospital, the 
patient entered another hospital where a presumptive diagnosis of malignant bone 
tumor was made, whereupon she was referred to Memorial During the two months prior 
to admission, the patient had lost about eight pounds in weight, suffered from occasional 
headaches and complained of a burning sensation over the left anterior chest wall 
The pertinent part of the initial examination concerns the local condition and the 
radiographic findings The left scapula w'as the site of a large tumor mass, firm, rounded, 
nontender, possibly somewhat fluctuant The entire shoulder region, anterior and 
posterior chest walls w'ere the site of a brownish pigmentation which extended upward 
both anteriorlj and posteriorly m the neck region This pigmentation was essentially 
unilateral but reached slightly beyond the midline (Figs 1 and 2) 7 There was marked 
limitation of motion of the left arm , abduction w r as essentially absent and anteropostero 
motions w'ere but moderate 

Submitted for publication February 17, 1945 
7 1941 photos, roentgen changes present in pigmented areas 
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Films of the left shoulder taken November 21 , 1929, (Fig 3) showed almost com- 
plete loss of outline of the left scapula which was replaced by a very large tumor mass, 
completely osteolytic, with only a few bony remnants remaining The entire shaft of 
the left humerus showed altered architecture, with thinned cortex and multiloculated 
appearance of the medullary cavity 

Films of the chest of the same date (Fig 4) showed marked deformity of most of 
the ribs, particularly on the left, with 11 regular expanded multiloculated areas The 
lung fields appeared clear 


1 



Fig 1 — Osteoljtic lesion of left scapula Humeral architecture 
with thinned cortex and multiloculated medullary cavitj 

Films of the spine, pelvis and femora (Fig 5) taken in December, 1929, showed 
no changes in the spine but the left ilium and the right pubis showed slight expansion 
and areas of decreased density similar to those seen elsewhere Both femora showed 
widespread changes with decrease in density of the medullary cavities which latter were 
irregularly expanded 

Lateral films of the skull (Fig 6) showed a pagetoid appearance of the entire skull 
and facial bones, with thickening of the tables and irregular areas of decreased density 

The scanty laboratory studies during this patient’s first admission revealed nothing 
of significance unless a basal metabolic rate of plus 20 is indicative of some hyper- 
thyroidism, since the latter has been emphasized m this disease An aspiration biopsy 
was performed and yielded rare large atypical spindle cells, diagnostic of some type of 
sarcoma Hence, a tentative diagnosis of medullary spindle cell sarcoma of bone was made 
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The tumor was not considered suitable for radical surgery, since at that time it was 
not realized that the process in other areas was probably not sarcomatous, and the patient 
received a rather small amount of treatment with a radium emanation pack This totaled 
but 28,000 mg hrs at 6 cm , and was administered on fi\ e successive days, between 
November 19, 1929, and November 23, 1929, thiough anterior and posterior portals 
At the same time the patient received three roentgen-iay treatments to the left shoulder 
region, two over the rib areas and two to the skull, and between November 27, 1929, 
and January 7, 1930, she received Coley’s 
toxin both intramuscularly and intrave- , — 
nously, with, on the whole, rather little j 
reaction Despite the seeming total inade- 
quacy of the radiation, the patient’s condi- 
tion considerably improved The tumoi 
diminished in size, pam became much less 
severe and eventually vanished except for 
what the patient described as “slight pam 
with weather changes ” 

Radiographic reexamination of the left 
shoulder on December 24, 1929, showed a 
marked impiovement m the appearance of 
the scapula, with mai ked deci ease in size of 
the tumor and beginning calcification sug- 
gesting regeneration 

The patient was again able to conduct 
her housework m a normal fashion and 
persistently refused to return to the clinic 
for observation In fact, despite numerous 
appeals, she remained away foi 11 years 
She reentered the Hospital on July 9. 

1941, and so far as the local findings were 
concerned the situation in the left shoulder 
was somewhat improved over that obseived 
in 1929 Radiographs were reported as 
follows 

“Reexamination of the left shoulder on 
July 10, 1941, shows some residual soft- 
part tumor, but there has been marked re- 
generation of the scapula, with reformation 

of the glenoid and vertebral border The , , , 

, . . . . biG 4 — Rib deformity with numerous expanded 

humerus shows no significant change from multiloculated areas 

previous status ” 

Films of the chest on July 10, 1941, showed no apparent new changes in the ribs 
but there was increased density over the left chest, probably due to radiation There 
was a large rounded shadow m the periphery 0 f the right uppei lung field which had 
the appearance of. metastasis The right humerus appeared normal The pelvis showed 
no significant change The skull again showed extensive changes which were better 
demonstrated and seen to be largely on the left 

The pigmentation was unchanged except for the addition of a large area of roentgen 
pigmentation, with scaling and telangiectasia The patient’s general condition had 
considerably declined On this admission the laboratory studies were considerably 
more extensive Red blood cells ranged from 25 to 29 million, except for a transient 
peak following transfusion Calcium varied from 100 to 13 mg , phosphorus from 
282 to 4 11 mg , alkaline phosphatase from 178 to 280 mg , acid phosphatase was 056 
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units Serum protein level on two determinations showed 7 8 and S i per cent Pro- 
thrombin level was 51 per cent Chlorides ranged from 582 to 591 mg Chloride toler- 
ance was abnormal and appeared suggestive of adrenal coitical insufficiency Blood 
cholesterol studies showed total cholesteiol 1643 mg, free 55 7 mg , esters 1086 mg 
Bence-Jones studies were negative on several occasions Two basal metabolic rate 
determinations were reported as plus 25 and plus 20 



Fig S — Expanding areas of decreased density m femur 

Shortly after admission, but after a second aspiration biopsy, the patient developed 
a septic temperature ranging up to 103° F , and since no cause could be otherwise elicited, 
it was assumed that the source was infected tumor tissue On July 30, 1941, an open 
biopsy was made of the scapular tumor 

The tumor tissue was soft, friable, yellowish to grayish, m places very hemorrhagic 
It was about the consistency of chicken fat clot On section (Fig 7), it proved to be 
a highly pleomorphic, nonbone-forrmng, spindle and giant cell sarcoma Giant cells 
reached enormous proportions and numerous atypical mitoses could be found It was 
quite ob\ ious that the tumor cells w'ere identical with those obtained in the first material 
aspirated in I9 2 9> and m the subsequent aspiration This should be sufficient to dispel 
any doubt as to the existence of a malignant process in 1929, even in the mind of sceptics 
of aspiration as a diagnostic method, but poses a difficult question as to why a large 
osteolytic malignant tumor had remained for so many years prior to dissemination 
This naturally is a question which the authors aie unable to answer 
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Since it became desirable to prove, by something other than radiographs, that this 
lesion had arisen on a basis of polyostotic fibrous dysplasia, it was determined to biopsy 
a supposedly nonneoplastic area for confirmation of this diagnosis Hence, on August 14, 
1941, an 8 5-cm portion of left 8th rib was removed On section, this tissue 
showed no evidence of tumor, and fulfilled all criteria for a microscopic diagnosis of 
fibrous dysplasia 



Pig 6 — Pagetoid areas in skull and facial bones An anteroposterior \ic\\ revealed these to be 

mainly unilateral 

The patient was discharged, August 28, 1941, clinically improved Again, she 
failed appointments, but this time evidently because of progress of tumor Repeated 
attempts to persuade her to return to the hospital failed and she died at home on 
December 2 , 1941 During the terminal phase of the illness she complained of abdominal 
discomfort, diarrhea and, evidently, the tumor of the left scapula had ulcerated and begun 
to fungate A letter from her family physician stated that she had developed “intestinal” 
metastasis Naturally, the authors are unable to confirm this finding m the absence of 
autopsy but m view of the radiographic finding in the right chest, see no reason to 
doubt the presence of abdominal disease 

Obviously, this tumor ran a most unusual clinical course It was diagnosed 
as malignant bone tumor m 1929 on pathologic evidence, which we believe en- 
tirely reliable With treatment, which should not have sufficed to control it, 
the patient experienced prolonged relief of symptoms, with regression and 
apparent quiescence of the tumor, and remained in relatively good condition 
for over 11 years 
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Case 2— The second patient, G deP , No 55274, was a male Italian, age 34 His 
past history was uneventful except for a pnmary luetic lesion many years prior to 
admission for which limited treatment had been given His present illness began nine 
months prior to admission, when he noted pain in the left lower thigh and leg This 
became worse and, about three months prior to admission, swelling of the left hip was 
first noted The swelling increased tapidly in size and was accompanied by severe pain 
On admission, there was a bulky tumor mass involving the left hip laterally and 
posteriorly, and measuring 24 x 20 cm m greatest dimensions There was marked 
tenderness laterally over the greater trochantei The bulk of the tumor was situated 



Fig 7 — Pleomorphic hrge spindle ind giant cell sarcoma 


posteriorly and was of firm, rubbery consistency There was limitation of motion of 
the left hip in all directions mainly because of pun There was 110 increase of local heat 
Films taken at the time of admission revealed a pattern considered classical for 
fibrous dysplasia There were multiple somewhat expanding areas of bone rarefaction, 
together with zones of increased density involving the left pubic bone, left femur par- 
ticularly the neck region, and left tibia (Figs 8 and 9) 

On May 25, 193S, an aspiration biopsy was performed and a few cells were 
recovered which suggested malignant tumor On May 31, 1938, the aspiration was 
repeated and a giant and spindle cell sarcoma, consistent with primary spindle cell 
sarcoma of bone, was diagnosed, both on smear and sectioned fragments of clot (Fig 10) 
The resemblance to the previous case was striking 

Blood calcium ranged from 10 to to 8 mg , blood phosphorus from 26 to 38 mg 
Phosphatase which ranged from 10 mg on admission to 249 mg on June 17, 1938, fell 
wuth treatment to 5 7 mg on August 17, I93§ His basal metabolic rate was reported as 
plus 35, but for certain reasons this was considered inaccurate 

The patient was treated by roentgen ray, receiving a total of 18 treatments between 
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Juno i, 1938, and June 21, 1938 Portals were anterior, lateral and posterior, approxi- 
mately 15 x 18 cm each Daily doses were 300 r for a total of 1800 r per port The 
patient experienced remarkable relief irom pain, this relief being much more than would 
be expected for the ordinary malignant bone tumor Flexion and extension returned 
to a considerable extent On January 4, 1939, radiograms of the femur revealed con- 
siderable evidence of bone legeneration 



Fig 8 Fig 9 

Fig 8 — Multiple expanding areas of decreased density together with zones 
of increased density, left pubis and femur 
Fig 9 — Similar areas of decreased and increased bone density, left tibia 

On March 8, 1939, the clinical improvement was regarded as so paradoxical that 
the question was raised as to the correctness of the diagnosis of osteogenic sarcoma On 
November 8, 1939, the patient reported that he was essentially free from symptoms and 
no tumor was palpable, although diffuse thickening and firmness of muscles and sub- 
cutaneous tissues were noted When referred for a check-up radiographic examination 
of the pelvis and left femur, however, he was found to have a pathologic fracture m the 
region of the intertrochanteric line with considerable shortening of the femoral shaft 
and coxa vara deformity Approximately two months later further examinations showed 
no significant change It appeared that a diagnosis of spindle cell sarcoma in an area 
of fibrous dysplasia was warranted, but to make more certain it was decided to obtain 
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tissue from the involved area of tibia and an open biopsy was performed on February 
8, 1940 This tissue was reported as fibrous dysplasia 

The patient returned to the Follow-up Clinic until July 15, 1942 He had remained 
essentially symptom-free In August, 1942, he entered another hospital complaining of 
epigastric pain and vomiting His condition grew progressively worse and death occurred 
eight days after admission No autopsy was obtained Radiographs, however, are 
described as revealing an enlarged hilar shadow, with pulmonic infiltration, retraction 



Fig 10 — Pleomorphic spindle and giant cell sarcoma of left femur 

of heart and trachea to the right, thickened pleura, partial atelectasis of right lung The 
radiologist’s conclusion was tumor of the left hilar region with metastasis to bone 
Naturallj, the evidence points entirely toward the left femur as a primary source of 
tumor Again, in the absence of autopsy, one cannot be absolutely certain that metastasis 
had occurred, but given the radiographic evidence pointing to metastasis, with full 
knowledge that a malignant bone tumor existed, a doubt seems scarcely justified 

SUMMARY 

In conclusion, it may be stated that ( 1 ) polyostotic fibrous dysplasia may 
be added to the group of diseases of bone which may, in certain instances, 
develop malignant bone tumors (2) In the two examples so far studied by 
us, the tumors have been essentially identical histologic pattern, namely, non- 
bone-forming pleomorphic spindle and giant cell sarcomas (3) Both tumors 
appear to have produced metastases (4) In both instances the response to 
radiotherapy has been unusual when compared to expected behavior of similar 
histologic types in different clinical settings Whether this behavior will 
eventually prove part of a general clinical entity or not must await further 
cases 
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Nelicia Maier, for the second year for Drs Muriel Virginia Bradley and 
Margaret Aston Kelsall, and a new fellowship was awarded Dr Elizabeth 
Cavert Miller, to work in the University of Wisconsin 
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SPONTANEOUS RUPTURE OF AXILLARY ARTERY 
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DEPARTMENT OF PATHOLOGY, COLLEGE OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVERSITY , NTW YORK, N Y 

The case to be reported is one of spontaneous rupture of the right 
axillary artery in a boy of fifteen This followed a slight musculai effort, 
and ended in fatal hemorrhage The autopsy disclosed unusual and unfamiliar 
alterations of the arterial wall, not only in the ruptured vessel but in several 
other intact medium-sized aitenes The extreme lanty of such an accident — 
only one similar case having come to our notice in a review of the literature 
— justifies a brief report 

Case Report — Unit No 727939 T D, a 15-year-old French school boy, was 
admitted to the Presbyterian Hospital complaining of pain, swelling, and discoloration 
of the skin and soft tissues about the right shoulder Four days before admission, 
while playing football and tin owing a “forward pass,” he experienced a sudden sharp 
pam beneath the right clavicle with concurrent tingling sensation in the right arm, 
forearm, and hand He stopped playing, and was without symptoms for 24 hours, except 
for soreness in the right pectoral region Thirty-six hours after the original pain, while 
straining at stool, he felt a sudden swelling beneath the right clavicle and reported to 
the school physician who found the radial pulse normal, with no difference between the 
two sides, RBC 4,220,000, WBC 11,000, coagulation time 225 minutes, and bleed- 
ing time 2 75 minutes The swelling progressed, occupying the entire upper pectoral 
region, and on the fourth day, the right radial pulse could no longer be palpated The 
boy became pale and fainted several times during the day, his blood pressure fluctuated 
between 104/70 and 125/50 Color and temperature of the right arm were always 
good, but because of symptoms he was brought to the hospital 

The family history was irrelevant, but in the past history there are several pertinent 
facts The boy was born in France and lived there until 1941 He was a six weeks 
premature baby weighing 3 5 pounds As a child he was delicate and showed bruises 
from the slightest trauma He had noticed, also, that any abrasion or cut bled longer 
than usual Despite this hemorrhagic tendency, he had always been active in sports 
and athletics No history of chronic or infectious diseases except diphtheria at the age 
of twelve for which he received diphtheria antitoxin One year prior to admission, he 
had been hit in the right upper chest, just below the right clavicle, with a soft baseball 
Soreness and slight swelling developed in this region following the trauma, but subsided 
m a few' days without any other symptoms or untoward effects 

Physical Examination —At time of admission Temperature 998° F, pulse (left 
radial) 124, (right radial) 0, respirations 22 The patient was a well-developed asthenic 
youth, pale, uncomfortable, and apprehensive There was a swelling in the right 
pectoral region extending from the clavicle downward under the pectoral muscles and 
laterally into the axilla Areas of ecchymosis were present over the axillary portion 
of the swelling, and the superficial veins over the right supraclavicular region were 
dilated and prominent The right upper arm was slightly swollen (drawing) Both 
arms were equal in color and temperature, but no right radial pulse or blood pressure 
could be obtained The remainder of the physical examination w'as irrelevant 

Laboratory Data— Blood group O, Rh positive Hb 47 per cent, RBC 2,530,000, 
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W B C 24,500 , 62 per cent neut , 35 per cent lymph , 3 per cent mono , hematocrit 
214 per cent, platelets adequate, prothrombin time 119 seconds, plasma proteins 554 
Gm per cent , venous clotting time 4 25 minutes Roentgenogram of the chest Lung 
fields clear There is a line of increased density on the miler margin of the right apex 
The soft tissues of the right lateral chest wall and axilla are markedly widened so that 
they measure about 10 cm as compared to 3 cm on the left side This undoubtedly repre- 
sents a large soft-tissue swelling, which probably overlies the chest and accounts for the 
increase m density m the right chest Urine Before operation 1+ albumin and an 



occasional granular cast m the sediment, sp gr 1 027 , the day following operation, 
the urine was normal, with sp gr of 1 017 

Course in Hospital — First hospital day After securing blood for grouping and 
cross-matching, the patient was taken to the operating room The operation, however, 
was postponed as it was deemed expedient to improve his condition by transfusions of 
blood and plasma and infusions of saline because of his shock-like state and because of 
the extreme blood dilution caused by the hemorrhage He was transfused with fresh 
citrated blood, 500 cc , from a professional donor This was followed by 500 cc of 
normal saline 

Second hospital day The increased pain, axillary swelling, further decrease m 
both the hematocrit and plasma proteins indicated further internal hemorrhage demanding 
operative intervention To prepare him for surgery, 500 cc of fresh citrated blood from 
a professional donor and 1,000 cc of recalcified plasma were transfused 

Operation — Exploration and ligation of axillary artery and vein , partial expression 
of hematoma 
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Pathology “The pathology was one of the most striking pictures which we have 
seen of extra\ asation of an enormous amount of blood m the subpectoral region, outlined 
mesiallv and caudad by the limitations of the pectoral fascia and origin of the muscle 
The skin of the chest wall was pushed fonvard for distance of 10+ cm by an enormous 
hematoma beneath the pectoralis major primarily, extending from the midline to the 
lower ribs and laterally in the subscapular region and, in addition, pushing the shoulder 
cephalad to a marked degree The axillary arterv was torn through completely, present- 
ing an irregular margin of all its coats It seemed softer than normal The axillary 
vein was intact ” 


RUPTURE of AXILLARY ARTERY 



TIME IN HOURS 

Chabt I 

Pioccdiue “After making an incision thiough the pectoralis major muscle, more or 
less parallel to the clavicle, which itself was about 4 cm beneath the skin, the enormous 
hematoma or clot was found This was evacuated m part and instantly a forceful gush 
of bright blood appeared from the region of the axillary artery The bleeding was 
controlled by finger pressuie against the clavicle above the site of laceration, after 
which, with suction and sponging, the lower end of the proximal axillary artery could 
be identified and clamped, controlling the hemorrhage” Artery ligated and wound 
closed about dram 

N B “Before beginning the operation the systolic pressure was 100 , at the 
termination the systolic pressure was J40, color improved Two transfusions were 
started in the left arm and right ankle before the surgical procedure was begun These 
were allowed to run slowly until the pectoralis major had been cut through and the 
clot evacuated, and during this period of critical bleeding both transfusions ran at full 
rate ” In addition to 1,800 cc of blood, he received 600 cc of rocalcified plasma, 300 cc 
of S P c r cen t NaCl, and 5 °° dog units of adrenal cortical extract After operation 
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500 cc of saline with 5 Gm of Na sulfadiazine At 11 30 pm the patient’s condition 
was remarkably improved , color much better Blood pressure 140/68, pulse 82 

Third hospital day Patient’s temperature started to rise, and he complained of 
increasing pam m his arm and hand, requiring sedation There was some oozing on the 
dressing, but this was not excessive His condition, though critical, was not alarming 
On account of the persistmgly low hematocrit (186 per cent) and plasma proteins (4 8 Gm 
per cent), a transfusion of citrated blood was gnen at 3 15 pm This was followed bj 
plasma Because of signs of pulmonary edema, the plasma was stopped after 150 cc 
The temperature before the blood transfusion was 103° F and, after 105 6° F Patient 
died at 9 io pm, 26 hours after operation The blood was rechecked and found com- 
patible Plasma from the same pool had been administered to two other patients 
without reaction 

Postmottcm Examination — Gioss The pertinent descriptive data are limited to the 
thorax and upper extremities The mouth and nasal passages were filled with white frothy 
fluid and the mucous membranes were quite pale but slightly cyanotic The neck w'as of 
normal contour except for soft swelling and bluish-purple discoloration of the subcutaneous 
tissues in the right supraclavicular fossa This also extended over the entire right shoul- 
der, the right anterior chest wall, right axilla, and the medial surface of the right upper 
arm From a point in the midsternal line, 3 cm below the sternal notch, extending laterally 
to the superior surface of the right shoulder was a recent surgical incision 28 cm long 
A cigarette dram protruded from the center of the incision, and thin sanguineous fluid 
exuded from the wick and about the drain The upper extremities were of normal con- 
tour and color, except for edema of the left forearm, resulting from recent infusion 
which had extravasated When the muscles were dissected from the chest wall, a large 
amount of dark red clotted blood, as well as fresh unclotted blood, w'as found in the 
right axilla, and between the right pectoralis major and minor The muscles themselves 
w'ere tw'o to three times their usual thickness because of the extravasation of blood into 
their sheaths and between their fibers There was no fracture of the clavicles, ribs, or 
sternum 

The right axillary artery m its first portion was intact, its lumen patent and 4 Mm 
m diameter No gross change w'as noted m its wall The distal part of the second 
portion of the artery, posterior to the clavicle, had been ligated with a heavy braided 
silk suture and its lumen obliterated proximally over a distance of 7 Mm by a firm blood 
clot For a distance of x cm above the ligature, there was a fusiform dilation of the 
vessel with its lumen measuring 6 Mm across and its W’all thmned-out to approximately 
o s Mm in contrast to the 1 to 1 2 Mm thickness m the first portion of the artery A 
thin, w'hite line of tissue, about 0 3 to 1 Mm thick, bridged the lumen, separating the 
clot into tw'O portions The third portion of the artery could not be found The brachial 
artery was located m its sheath with vein and nerves, m the right axilla 3 cm below' the 
ligated stump of the axillary arterj It had not been ligated and its lumen was slightly 
dilated by a firm, friable, adherent blood clot for a distance of 2 cm A w'bite line of 
tissue, like that seen in the axillary artery, bisected the clot Below this clot, the lumen 
was patent and the vessel w'all normal 111 appearance 

The right axillary vein had been ligated and sectioned at a point level with that 
of the artery Its lumen, distal to the ligature, contained a soft blood clot Its wall 
w'as intact and apparently normal The left axilla, with its veins, arteries, and nerves 
showed no evident deviation from the normal 

Thoracic cavity The right pleural cavity contained approximately 500 cc of thin, 
bloody fluid No adhesions w r ere present and the lung w'as expanded The intact parietal 
pleura was smooth, but outside of it w'as dark purplish extravasated blood extending o\er 
the entire upper portion to the level of the sixth rib anteriorly and posteriorly The 
left pleural cavity also contained 500 cc of thin blood} fluid The left lung w r as expanded 
and both layers of pleura w'ere intact The hemorrhage had extended into the soft loose 
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tissues of the mediastinum and up into the base of the neck Sixty cubic centimeters of 
pericardial fluid was blood-tinged, but the lining of the sac was intact, white and 
glistening The aorta was grossly normal except for hemorrhage in its adventitia in its 
upper half The right lung weighed 640 Gm , the left 800 Gm Edema was the only 
positive finding 

The remaining viscera were not unusual 

Mictoscopic Right axillary artery The lumen of the vessel just above the ligature 
was occluded by a fresh thrombus, and a recent small dissecting aneurysm was found 
It began at a point approximated 5 Mm above the ligation in a shallow' rent in the 



Fig 1 — Proximal Right Axillary Artery (trichiomc 
stain) Fibiosis and dissection of arterial wall (Low 
power) 

mtima and extended distally into the media throughout the dilated distal part of the artery 
(Fig 1) The same change was seen in a section taken through the proximal portion of 
the brachial artery, into which the dissecting aneurysm had apparently extended In 
set eral sections, just proximal to the ligature, the hemorrhage penetrated the adventitia 
and the surrounding fibro-areolar tissue 

The changes in the wall of both axillary arteries, the celiac axis, and the renal arteries 
were most unusual and worthy of detailed description 

Localized segments of the wall of the right axillary aifcry were thickened In these 
locations the internal elastic lamella could not be identified and the mtima and media ap- 
peared as one thick mass of pale musculo-connective tissue containing widely separated 
spindle cells embedded m a matrix of loose unstained fibrils Elastic tissue stain revealed 

*A 11 sections of the arteries w'ere stained wuth hematoxylin and eosin , Masson’s 
trichrome, elastic tissue (Hart’s modification) Levaditi , and Gram 
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deep These were thin, quite delicate, and similar to those m the remainder and deeper 
portions of the media The deepest layer of media and adventitia were fibrosed and their 
line of demarcation indistinguishable 

Other arteries The changes in the celiac axis, pancreaticoduodenal, and renal arteries, 
though much less intense than in the axillary vessels, were of the same general character 
(Fig 3) The musculature in many places was defective and somewhat irregular in its 
arrangement Often the bundles of muscle fibers were quite widely separated by loose 
fibrillar collagen and by elastic fibrils, fragmented and delicate, or condensed and granular 

Discussion — The question of support and the nature of therapy needs 
comment in this boy, who had been critically ill for four days, with an 
increasing mass in his right axilla accompanied by a rapidly falling red 
blood count and signs of circulatory insufficiency, as reflected by his pallor and 
episodes of syncope His admission hematocrit was 214 per cent and plasma 
proteins 5 54 Gm per cent He obviously needed blood, and, after determin- 
ing his Rh factor, he was given fresh citrated blood on admission and just 
prior to operation To combat the hypoprotememia he received 1,000 cc of 
recalcified plasma (plasma from which most of the fibrinogen has been removed 
by shaking with calcium chloride) This plasma assays between 70-90 mg 
per cent of calcium, 5-6 Gm per cent of proteins 

During the operation, 1,800 cc of blood was transfused within a period 
of two hours This was abated blood The total amount of citrate admin- 
istered in 48 hours was 24 Gm In retrospect, this may have been too much, 
as he developed pulmonary edema and showed blood-tinged fluid in the 
pleural and pericardial cavities The dangers of too much citrate have 
recently been stressed 1( 4 The decrease in ionized calcium m hypoprotememia, 
graphically illustrated by Hastings and McLean, 7 is of peculiar interest in 
this boy whose proteins continued to decrease 

He should have been given dnect whole blood transfusions on admission, 
and should have been operated upon then On account of his low proteins, he 
should have received serum rather than plasma Today, serum is being prepared 
at the Presbyterian Hospital Blood Bank for surgical cases with low pro- 
teins and for the treatment of infants with hypoprotememia 

The main interest in this case concerns the pathogenesis of the arterial 
lesions Three possibilities come to mind (r) The arterial lesions represent 
a constitutional malformation, (2) they are the eflfect of some unknown 
dietary deficiency, and (3) they are the late result of some vascular toxin 
upon the media A specific infectious etiology seems highly improbable in 
the absence of any inflammatory reaction, either local or systemic 

It is difficult to produce any arguments either for or against the idea that 
these vascular changes are congenital or constitutional The history states 
that the boy had always been frail and had bruised easily , this might be taken 
as indicating vascular fragility The literature on congenital hypoplasia 
of blood vessels refers chiefly to the aorta and the cerebral arteries The 
somatic vessels seem to have been little investigated from this point of view 
The changes described by Hansemann, Askanazy, Orhansky, and Wiesner 3 
do not tally with those found m this case, nor is there any record of such 
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A — Right Avallarv Artery (clastic tissue 
stain) This reveals numerous delicate, frag- 
mented, sometimes granular elastic fibers m 
these thickened areas, and only m a few por- 
tions of the vessel wall is the regular alignment 
of medial elastic lamellae encountered, and this 
usuallj m the thinner portions of the vessel wall 



C — Left Axillan Artuv (clastic tissue 
stain) The intimal clastic lamella is r irelv rec 
ogmzable The mtima m consequence is not 
sharply differentiated from the media In the 
inner layer of the media there is a condensation 
of elastic fibers, two or three deep These are 
thm, quite delicate, and similar to those in the 
remainder and deeper portions of the media 
The deepest lajer of the media and aventitia 
are fibrosed and tlieir line of demarcation mdis 
tinguisliable 
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congenital hypoplasia leading to spontaneous rupture except m the miliary 
cerebral aneurysms On the other hand, the local defects m the vascular 
smooth muscle, with derangement of the normal relation between muscle 
fibers, elastic fibers, and connective tissue, suggests an architectural anomaly 
rather than cicatrization from previous destruction 

Vitamin deficiency has also been considered This child lived m a 
period of deprivation during the last four years of life m France, and pre- 
sumably had suffered the dietary restrictions incident to the war However, 
we have no information regarding specific vitamin deficiencies in his diet, 
nor have similar vascular lesions been recognized to result from deficiency 
of any of the known vitamins Actual necrosis of muscle fibers, with calci- 
fication, as described by Opper 8 in vitamin A deficient rats, was not present 
in this case 

At the age of one year, the child was immunized against diphtheria 
Eleven years later he had diphtheria It is not definitely known whether he 
received antitoxin at this time Subsequently, at the age of fourteen, he 
received, however, two injections of combined diphtheria and tetanus toxoid, 
two months apart In view of this history, the question may be raised as to 
whether the vascular lesions may be attributed to the diphtheria toxin It 
is well known that medial degeneration of the aorta, usually with calcification, 
may be readily produced m rabbits by diphtheria toxin 2 However, m this 
case there is no necrosis or calcification, or destruction of elastic fibers The 
lesions were confined to the larger peripheral vessels and were not present in 
the aorta These points speak against their having been caused by diphtheria 
toxin 

We have found few references of similar cases, but one most similar is 
reported, m 1928, by Koch 5 A 22-year-old athlete engaged m a variety of 
training exercises, after a test in swimming (breast-stroke), experienced 
pam m right shoulder Shortly thereafter, he lifted a 50-Kg weight on a 
machine, this was followed by a very acute pam m the right arm, thorax, 
and shoulder, with faintness, vomiting, dyspnea After six days, he felt 
somewhat better and started for the moving picture theater, but collapsed 
on the street He partially recovered, but died suddenly m bed eight days later, 
15 days after attack Autopsy Old and recent hemorrhage into pleural cavity 
Complete tear across right subclavian artery, 3 cm distal from origin from 
innominate The site of rupture was surrounded by aneurysm-like sac formed 
by adventitia The right leaf of diaphragm showed a 15-cm tear involving 
muscle and overlying pleura Microscopic examination disclosed no changes 
m arterial walls to explain the spontaneous rupture, but details are not given 
Heart and other vessels were described as normal Another somewhat similar 
case is reported by Longland, 0 in which “all vessels were normal and the 
ruptured vessel showed one departure from normal m that some of the 
muscle nuclei m the neighborhood of the rupture w ere pyknotic ” 

In reviewing cases of spontaneous rupture of the inferior epigastric and 
internal mammary arteries, we found that practically all of these vessels 
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were the site of known and familiar changes, % e , periarteritis nodosa, 
Monckeberg’s sclerosis, arteriosclerosis, aneurysm resulting from arterio- 
sclerotic changes, medial necrosis, 01 some type of arteritis In the last 
case, there was usually a history of some relatively recent infectious disease 

SUMMARY 

A case of spontaneous rupture of the right axillary artery following slight 
exertion, in a 15-year-old boy, is described 

Study of the large peripheral arteries showed an histologic malforma- 
tion m the airangement of the various components of the arterial wall The 
pathogenesis of these lesions is briefly discussed, but no conclusion reached 
as to etiology The descriptive term, "arterial myopathy,” is suggested to 
designate these unusual changes which appear to have resulted either from 
primary developmental defect or secondary loss of medial musculature 
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AN UNUSUAL CASE OF MECKEL’S DIVERTICULUM 
Major Sam Gendel, M.C., AUS, 

AND 

Lt. Col. Meredith G Beaver, MC., AUS 

Meckel’s diverticula have been grouped, roughly, into four clinical 
types (i) Catarrhal inflammation, with or without associated regional com- 
plications, (2) those producing intestinal obstruction, (3) gangrene of 
Meckel’s diverticulum, and (4) peptic ulcers due to the presence of ectopic 
gastric tissue 1 Although it is not uncommon to discover a peisistent 
Meckel’s diverticulum falling into one, or even peihaps two, of the above 
groups, it is lather rare and unusual, we feel, to encounter one which em- 
braces three of these types 

The case we aie reporting piesented a galaxy of abnoimal findings Not 
only was the diverticulum abnormally long, but it had also undergone acute 
inflammatory changes , it had produced an almost complete small bowel 
obstruction, it had ectopic gastric mucosa, which had undergone peptic 
ulceration , and, to make the case complete, was associated with a pathologic 
diagnosis of early acute appendicitis This combination of pathology, namely, 
acute Meckel’s diverticulitis, intestinal obstruction, peptic ulceration, and 
acute appendicitis, is of sufficient rarity and interest to wai rant being reported 

Case Report — The patient, age 20, was admitted to Torney General Hospital, 
April 10, 1944, stating that he had been ill some 36 hours prior to admission His illness 
consisted of lower abdominal cramps, without diarrhea Five hours prior to admission 
these cramps, which had occurred at intervals of five to ten minutes and had been 
moderately severe, had been replaced by a persistent severe subumbilical and right 
lower quadrant pain There had been no melena or dark stools The patient had 
vomited only once He had had no bowel movement for two days prior to admission, 
nor had he had any previous similar attacks There were no symptoms referable to 
his cardiorespiratory, genito-urinary or eye, ear, nose and throat systems 

His family history was noncontributory • His previous personal history revealed 
that he had had the usual childhood diseases History which was obtained subsequent 
to operation revealed that until the age of six he had had recurrent drainage and bulging 
of the umbilicus This had been quite severe and had necessitated frequent visits to 
the doctor The umbilicus was finally cauterized, and the drainage stopped at the 
age of six 

Physical Examination — The patient was a well-developed and well-nourished male, 
who appeared to be semi-acutely ill There was moderate cyanosis of the lips and 
skm Temperature, ioo° F , pulse, 120 , respirations, 18 

Essential physical findings were limited to the heart and abdomen The heart 
was of normal size There was an aortic systolic murmur which was transmitted to the 
vessels of the neck The cardiologist felt that this murmur was functional in 
character The electrocardiogram was reported as being normal The abdomen was 
of normal contour There was voluntary and involuntary guarding and tenderness, 
both subumbilicallv and m the right rectus muscle, just to the right and at the same 
level of the umbilicus The tenderness in this area was rebound m character and 


From the Surgical Services Branch, Torney General Hospital, Palm Springs, Calif 
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pressure on other points of the abdomen referred the tenderness to the right lower 
quadrant There were no masses or viscera palpable Rectal examination revealed 
exquisite tenderness high in the right rectal vault 

Laboratory studies revealed a white blood count of 12,400, with 83 per cent neu- 
trophils Urine was negative Pi eopcratwe Diagnosis Acute appendicitis 

Opeiation — Under nitrous oxide and ether anesthesia, a McBurney incision was 



FIG. 1 


TERMINAL ILEUM AND MECKEL'S DIVERTICULUM ARISING 
FROM IT AND ATTACHED TO THE UMBIUCU5 

DILATED AND COLLAPSED PORTIONS OF THE OBSTRUCTED 
SMALL INTESTINE 

Photograph of the drawing through the courtesy of the U S Army Signal Corps 

made The appendix appeared to be grossly normal and was removed Exploration 
of the abdomen revealed a diverticulum arising about ten inches proximal to the ileocecal 
valve This diverticulum had its own mesentery and measured approximately 4 5 inches 
m length At its tip it was attached to the under surface of the umbilicus At this point 
o f attachment the diverticulum was edematous and indurated, and was surrounded by 
a greath thickened omentum There was a rather marked increase in turbid peri- 
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toneal fluid At the tip of the diverticulum there appeared to be a perforation around 
which the omentum had wrapped itself The Meckel’s diverticulum, acting as a band, 
had permitted the terminal ileum to herniate beneath it so that there was almost a 
complete small bowel obstruction The ileum proximal to this band was rather markedly 
dilated, while the ileum lying in the pelvis was collapsed (Fig i) There were no 
pathologic changes in the bowel wall To facilitate the operative procedure the rectus 
muscle was transected and the entire diverticulum, together with its attachment to the 
umbilicus, exposed The diverticulum was freed from its attachment to the umbilicus 
After transecting and ligating its mesentery, the diverticulum was excised over a 
Payr clamp The resection of the diverticulum released the obstruction, permitting 
the distended bowel to resume its normal caliber Sulfanilamide crystals were sprinkled 
freely into the wound, and the wound closed in layers without drainage 

Pathologic Diagnoses The removed specimens consisted of (i) Meckel’s diver- 
ticulum, gastric type (2) Foreign body m Meckel’s diverticulum, with erosions of 
mucosa and formation of early gastric ulcer (3) Acute appendicitis, early (4) Hyper- 
plasia of lymphoid tissue of appendix, advanced The pathologist noted that this was 
an interesting specimen of Meckel’s diverticulum which was lined with gastric mucosa 
of both a fundal and pyloric character A foreign body, presumably a wood splinter, had 
become impacted causing erosion and partial digestion of the damaged mucosa, similar 
in type to that seen in gastric ulcers (Patient stated that he had had the habit for 
many years of chewing match sticks , and one of these may have been the foreign body 
observed by the pathologist ) 

An interesting incidental finding was noted by the pathologist This was a veiy 
early acute appendicitis, with a small focus of material in the exudate and diffuse 
catarrhal appendicitis, characterized by marked hyperplasia of the lymphatic apparatus 
The patient made an uneventful postoperative course and was returned to duty 

Comment — It is interesting to speculate as to which of this patient’s 
pathologic conditions was responsible for his admission into the hospital 
It is thought that the intestinal obstruction was pi obably the primary pathology 
The history of recurrent, rhythmical pam, which the patient described as 
cramps, together with the findings at the time of operation of a small bowel 
obstruction, are evidence m support of this contention Certainly, the acute 
diverticulitis was an important contributory factor The fever, the leuko- 
cytosis, with the shift to the left of the polymorphonuclear element, are 
indicative of acute inflammatory changes which, together with the intestinal 
obstruction, probably cover the entire picture The intestinal obstruction was 
of the simple mechanical type and theie was no evidence of strangulation to 
account for the leukocytosis and abdominal tenderness The finding of early 
acute appendicitis probably aggravated the complaint, but was not m itself 
responsible for the patient’s picture 

SUMMARY 

An unusual case of Meckel’s diverticulum has been presented. This case 
was most interesting in that it presented an acute Meckel’s diverticulitis, asso- 
ciated with a peptic ulcer, intestinal obstruction, and, coincidentally, with an 
acute early appendicitis 
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ABSORBABLE SPONGE TESTS* 

Raffaele Lattes, M D , and V Kneeland Frantz, M D 

New York, N Y 

from the department or SURGERY, coliegt or PHYSICIANS and surgeons 
COLUMBIA UNIVERSITY, NEW„YORK, N Y 

The nonirritating foreign body which can be left in the tissues for one 
purpose or another has become a pioblem of more and more interest m all 
fields of surgery Until veiy lecently only nonabsoi bable matenal was ever 
introduced in any considerable physical bulk, for instance steel plates and 
screws in open reductions of fiactuies Absoi bable solid material was limited 
to catgut which is slightly mutating, but, because it is absorbed, does not 
promote the peisistence of infection Nonabsorbable matenals — silk, cotton 
and silver — are also slightly liritating, but are, obviously, mtioduced in vet}- 
small quantity, and, if infection does not occui, induce a minimal foreign 
body reaction, finally becoming encapsulated by vaiying amounts of fibrous 
tissue Large amounts of cotton in the foim of gauze sponges or com- 
presses when accidentally left in a wound usually lead sooner or later to trouble 

There aie, however, situations in surgeiy, problems of hemostasis chiefly, 
and of prevention of adhesions, wheie it is highly desirable to be able to leave 
absorbable nonin itating material in consideiable bulk in an operative wound 
or an accidental wound Even before battle casualties gave renewed impetus 
to the search for absorbable sponge such investigation was m progress m many 
laboratories As a result, a numbei of materials have already been tested 
and are now in the stage of clinical investigation The most promising to 
date have been fibrin foam piepared fiom human blood, gelatin, and gauze 
01 cotton rendered absorbable by oxidation 

Of necessity, these products must be constantly checked to insure against 
any alteration which might render them irritating or nonabsorbable Minimal 
contamination may result in established infection if an irritating foreign sub- 
stance m bulk is left in the wound Moreover, new matenals aie proposed 
which likewise need to be checked in animal tissues Aftei a study of vanous 
tissue reactions to absorbable gauze and to other absorbable sponges in larger 
laboratory animals it became apparent that there was a need for a simple 
standard test of these materials in smallei, less expensive animals Possible 
contamination bad to be reduced to a minimum so that an irritating product 
could be evaluated without a second factor which might evoke a tissue response 
It is not possible to judge a solid joi eign body m an open wound in a labora- 
tory animal Moreover, it is extremely difficult to prepare the skin of most 

* This work was carried on under a contract recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and 
Columbia University 
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laboratory animals so that clean wound healing may be expected if a foreign 
body is introduced If infection develops it may be suspected that the 
irritating propeities of the matenai being tested have contributed to this 
result, but cultuies should be sterile before a pioduct is condemned Ex- 
traordinary pi ecautions, therefoie, must be taken and m tests m somewhat 
over ioo white lats, an animal chosen aftei consideiable tnal and erior, the 
following method has been found satisfactoiy, not too time-consuming and not 
too expensive This is a method pieviously used by one of us (Lattes, 
University of Tumi), for the study of tiansplantable animal tumois 

PROCEDURE 

Nembutal anesthesia 4 pei cent solution mtiapentoneal, 1 cc for a 
200-gram rat It is better to have the anesthesia a little light and supplement 
with ether, open cone, if necessaiy The animal is then tied on a rat board, 
and the whole back shaved with electnc chppeis and painted with 45 per 
cent iodine Stenle mstiuments are used foi each animal and discarded 
The operator is masked, sciubbed and gloved, but does not change gloves 
unless he touches the skin of the animal by accident 

A transverse incision 2 cm long is made with scissoi s m the interscapular 
region The scissors are then discarded and a tunnel is made by holding up 
the distal skin edge with f 01 ceps, introducing a clamp m the midline and 
pushing it toward the sacial region wheie it is opened to spiead the veiy lax 
subcutaneous tissue a little Every cate is taken not to touch the skin edge 
With the skm edge still held up so that the mouth of the wound is wade open 
a glass tube (7-Mm cahbei) containing the sample to be tested is mtioduced, 
avoiding the skm edge, to the limit of the tunnel made by the clamp A glass 
rod (4 Mm ) is then run thiough the tube and the pledget extruded into the 
tissues With the clamp and the forceps the two corneis of the wound are 
held up by the operatoi, and the wound is closed with two Michel clips 
placed by the assistant The final site of implantation is, theiefoie, 5 or 6 
cm from the skin wound Moreovei, the animal cannot chew the wound m 
the mterscapulai region, as happened frequently when we formeily used 
the longer back for the incision 

Autopsy can then be performed on the day of choice Aftei chloroform 
the back is wet with 70 per cent alcohol so as to avoid contamination fiom 
flying hair A U-shaped incision is made with the base of the U slightly 
cephalad to the skm incision, and the sides well out along the flanks The 
whole flap of skm can then be pulled toward the tail, exposing the tunnel m 
the subcutaneous tissue and the site of implantation of the sponge A culture 
can be taken from the tissues at this site if theie is any inflammation If the 
foreign body is still unabsorbed, m part or m whole, its relation to 
the tissues can be ascertained It may he wholly meit, or it may be 
encysted or encapsulated These variations depend on the nature of the 
material under investigation With iiritatmg materials a cavity may be 
formed lined by fibrin and polymoiphonuclear leukocytes, and containing 
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sterile purulent fluid With this technic it is gratifying to see how little tissue 
damage is done along the tunnel leading from the wound to the site of implan- 
tation There is a minimum of inflammation Where there has been inter- 
ference with healing of the skin wound (ordinarily from trauma in the cage 
postoperatively) the site of implant in usually still protected by distance, and 
cultures will be sterile 

The size of the trial pledget is a matter of choice It should be large 
enough to constitute a mass of appreciable physical bulk We have used a 
square centimeter of material The gauze has been 8-ply Cotton or other 
sponges are cut to approximately the same bulk Relative times of absorp- 
tion of different matenals, limited of course, to the reaction of this one tissue, 
can thus be roughly estimated Many factors, however, influence the rate 
of absorption, and any product released for clinical investigation should first 
be thoroughly studied in various tissues of larger animals 
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